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reactors 


KG 0 instrumentation for 


brought to completion within 8 weeks 


EKCO are proud to have carried out the full instrumentation 
of three new reactors and to have brought 

all three installations to completion within 

a period of little more than eight weeks. 


Two of these instrumentations equip the two new-type reactors in Britain— 

at Dounreay and Harwell—which, when operating, will be the 

most powerful of their type in Western Europe. The third instrumentation—first 
ever to be exported—has already been shipped to Sydney, Australia, 

where it will be assembled and commissioned by Ekco engineers. 

This triple achievement underlines the fact of EKCO leadership in 

electronics, as in the many other fields in which they work. 


EKCO ELECTRONICS LTD SOUTHEND-ON-SEA ° ESSEX 
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The Fourth Contraet 


HE C.E.A. has announced that it proposes to 

place a contract with the English Electric, Babcock 
and Wilcox, Taylor Woodrow consortium for the con- 
struction of the fourth nuclear power station in the 
United Kingdom at Hinkley Point, Somerset. This 
station when built, will have a guaranteed net electrical 
output of 500 MW and will be the largest nuclear 
power station in the world. Present schedules call for 
initial steaming to begin at the end of 1961 or at the 
beginning of 1962, with compietion in the autumn of 
1962. These dates are, of course, somewhat later than 
those quoted for the first three stations and the Hinkley 
Point project could therefore be considered as the first 
in the second round of the programme rather than the 
end of the first round. The programme is, however, 
flexible and such distinctions are largely academic in 
nature. 


Logical Design Development 


It is significant to note that already the overall size 
of nuclear stations has increased from 275 MW for the 
Berkeley plant to nearly double in the Hinkley Point 
plant. This increase is a logical development in design 
philosophy, the increase in size alone almost auto- 
matically leading to a lower cost per kWh sent out. 
This, of course, is of great importance to the C.E.A. 
and the electricity consumer, but the size alone does 
not necessarily imply an advancement in technology and 
the time must eventually come when stations of 
enormous capacity are an embarrassment either to the 
overall load factor or to the transmission system. 

The gas cooled graphite moderated reactor does, 
nevertheless, hold considerable promise for reduction in 
capital cost due to improved detailed engineering design 
and to improved methods of construction. Steam con- 
ditions with the Hinkley Point station are, in fact, 
somewhat lower than with some other stations, but due 
to higher operating pressure and to a better utilization 
of the space within the pressure vessel a greater heat 
output has been achieved. Increased core size allows 
a greater investment of uranium and graphite quite 
apart from an improvement in flux flattening. Even 
quite small increases in the core diameter can have a 
significant effect on reactivity and overall output and 
the consequent increase in reactor output is achieved 
with only a fractional increase in reactor capital cost. 


In the heat exchangers also a notable improvement 
over Calder has been obtained by a greater utilization 
of the available volume, leaving aside the improvement 
in the heat transfer characteristics of the individual 
boiler tubes. It is this type of optimization of design 
that will progressively bring the capital cost per kW 
down and will allow the nuclear power station to pro- 
duce electricity at a cheaper rate than conventional 
stations even when operating at 60% load factor and 
with a maximum output of only 100 MW (electrical) 
per reactor. 

Comparison of steam conditions at the turbines (see 
Nuclear Engineering, April, 1957, p. 139) of the four 
designs indicates that in spite of the fact that engineers 
from all the four groups were brought up in the same 
school (at Calder), different approaches towards 
optimization have led to quite different answers. An 
attempt at a comparison of efficiency (in terms of 
cost/kWh sent out) must await actual operation and 
due provision must be made for size, and for varying 
civil engineering costs resulting from different site 
conditions. The last named alone can cause a cost 
spread of as much as 0.03d/kWh. 


Fuel Element Limitations 


Improvements in heat transfer characteristics of the 
fuel elements have followed a similar pattern through 
all the new stations, and whilst it would be pessimistic 
to suggest that the finning shapes now developed are 
the best possible that can be produced, both from the 
design and manufacturing point of view, there is clearly 
a limit to the fuel element heat rating. The maximum 
gas temperature and therefore the maximum steam 
conditions are ultimately defined by the maximum 
temperature that the can will withstand. We have still 
some way to go before the outlet coolant temperature 
is within a few degrees only of the limiting temperature 
of an improved Magnox alloy but the next real jump 
in improved steam conditions must await the develop- 
ment of a reliable and inexpensive fuel can which is 
capable of operating at 500° C and preferably at 
600° C. At present the solution to this problem is 
by no means obvious and it would appear that much 
fundamental research will be required to produce the 
right answer. 
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Handling on a Shoe-string 


HE International Conference on Radio Isotopes for 

Scientific Research, organized by U.N.E.S.C.O. in 
Paris from September 9 to 20, has highlighted the very 
considerable impact that radio-isotope techniques are 
making on a wide variety of sciences. In particular 
research in the fields of biology and bio-chemistry has 
received a very great impetus from the introduction 
and ready availability of labelled compounds, especially 
those labelled with C. The time has come, however, 
when we must seriously examine this widespread use 
of radioactive materials in laboratories from the point 
of view of the safety of the people concerned. 

Work carried out in the big establishments, particu- 
larly those of the Atomic Energy Authority, is 
energetically supervised. There is an adequacy of 
advisory staff on the health physics side and in general 
money is not short. Such establishments are able to 
provide their research workers with properly set up 
laboratories equipped with adequate safety facilities 
such as shielded cells, manipulators, active stores, etc., 
and the whole research programme is carried out by 
people who are familiar with the principle of safety 
being an a priori consideration. 

This is, unfortunately, not the case in many labora- 
tories in industry, hospitals, and the universities. 
Frequently work with radio-isotopes has begun in a 
very small way and.on a very small scale and when 
projects were initiated, it seemed unreasonable to pro- 
vide the complexity of handling equipment and 
shielding that was found in the larger establishments. 
Inevitably, however, projects have grown and the 
tendency has always been for staff when working on 
a rigid budget to first invest in instruments, raw 
materials and apparatus which directly increased the 
scope of the experimental facilities. It has seemed an 
unnecessary waste to spend precious pounds on the 
purchase of handling equipment when perhaps the 
source envisaged in a project was low in specific 
activity and would not be handled very frequently. In 
many laboratories the total range of manipulating 


U.K.—U.S. 


IVALRY between the U.S. and the U.K. both 

technically and commercially results frequently in 
the use of superlatives where even comparatives would 
be excessive and equally often in the use of generalized 
expressions which can only be true when qualified by 
detailed information. A recent example of this is 
the statement that enriched reactors must be better 
than natural uranium reactors on the grounds that the 
chances of the natural isotopic abundance being the 
optimum for power production are too remote to be 
seriously considered. This of course is nonsense. One 
can think of many processes where, although the raw 
material is not ideal, processing costs are so prohibitive 
as to make any attempt at refining out of the question. 
The philosophy could be applied for example to coal 
containing pyrites and shale. Rudimentary sorting and 


equipment comprises a pair of laboratory tongs and a 
couple of lead bricks behind which the source is put 
when not in use. As a result, when the experiment in 
question is not going according to plan or when speed 
seems the most important aspect, carelessness develops 
and even the tongs and the lead bricks are ignored. 
So far we have been fortunate and no serious accidents 
have resulted, but this “shoe-string” method of 
approaching the handling of radioactive materials 
must not be allowed to go on indefinitely and vigorous 
steps must be taken to ensure that operators are not 
allowed to risk their own lives in ‘order to extract a 
little more work out of the apparatus they have. 

The responsibility for this, of course, lies partly on 
the shoulders of the laboratory worker himself; he 
should be entirely familiar with the dangers of 
inadequate protection and urge the introduction of 
proper handling equipment and even, where necessary, 
refuse to continue the project unless it is provided. 
But, so often research is considered to be the poor sister 
of the main theme of the establishment and the work 
that goes on is not the result of drive from the top so 
much as push from below. It is even more important, 
therefore, that senior personnel who control finances 
should understand the consequences of their taking a 
parsimonious attitude towards the provision of proper 
safety equipment. They must insist that however small 
the project on which the research worker operates, the 
highest priority is given to the safety appliances. 
Ultimately this will also prove to be economic. 
Permanent installations, although at times somewhat 
inflexible, invariably pay dividends by allowing an 
increase in scope of the work in hand, at a time when 
it is most needed. The tendency in all types of research 
is for an ever-increasing accuracy to be demanded 
which, in the field of radio-isotopes, invariably implies 
an increase in source strength. This must be provided 
for at the outset with adequate demountable facilities 
and fixed facilities around which experiments can be 
planned. 


Rivalry 


washing is, of course, desirable, but chemical extraction 
is out of the question on the grounds of expense. 
yet coal purified of these contaminants is a better 
burning medium. In point of fact in the natural versus 
enriched argument, if no limit is set to the size of 
the plant either in terms of mechanical size or electrical 
output and no metallurgical limits are imposed on 
construction, one would expect a natural uranium 
reactor to inevitably give cheaper electricity than an 
enriched uranium reactor. The provisions mentioned, 
however, are vital to the argument and there is no 
question at the present time that, for small plants, 
enrichment is the only possible choice. International 
rivalry is to be encouraged when it acts as an incentive 
for improving design, but neither side should allow 
itself to be led into making patently facile statements. 
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Commentary 


Number of Stations 


In his address at the opening of the Engineering, Marine, 
Welding and Nuclear Energy Exhibition, Sir Christopher 
Hinton was of course speaking as Man. Dir. of the United 
Kingdom Atomic Energy Authority Industrial Group. 
With his recently announced appointment as Chairman of 
the Central Electricity Generating Board as from January 
1, 1958, we must also assume that Sir Christopher was 
consciously speaking as the future leader of the generation 
authority in England. With regard to the revised White 
Paper Programme, Sir Christopher said “It is however 
proving to be possible to design reactors of considerably 
larger size than was initially envisaged, so that the trebling 
of the size of the programme is unlikely to demand the 
construction of a materially greater number of power 
stations than was proposed in the original scheme.” The 
original scheme called for the erection of twelve power 
stations by 1965 with an available capacity of 2,000 MW. 
A nuclear power station in Scotland and another in 
Northern Ireland should be considered as additional to 
this figure bringing the total in the U.K. probably to four- 
teen. The revised White Paper Programme envisaged 
nineteen stations with a generating capacity of 5,000 to 
6,000 MW, with an additional station in Northern Ireland. 
At the time of the announcement we suggested (Nuclear 
Engineering, April, 1957, p. 131) that these two figures were 
not strictly compatible and that with the increasing size of 
station likely to be designed in the next four years, either 
the overall capacity should be increased or the number of 
stations reduced. This statement by Sir Christopher 
appears to indicate that the latter policy is to be adopted. 

The groups have indicated that a building capacity of 
one station per group per year can be accommodated 
comfortably. Fourteen stations amongst 5 groups in 3-5 
years is significantly less than this rate. It would be 
surprising if the first three stations were not fully opera- 
tional by the end of 1961 and in the race for completion 
it is likely that both Bradwell and Berkeley will be fully 
commissioned by the middle of 1961. 

Our present expansion however, calls for additional 
installed capacity of something like 2,000 MW per year 
and we shall not by 1965 be at a stage when existing con- 
ventional stations can be economically taken out of 
commission and replaced by nuclear power stations 
although the time when this will become true is not far 
off. It seems nevertheless a damping decision and it is 
perhaps not altogether in the interests of atomic energy 
development in this country for a brake to be put on the 
contracting companies at this juncture. If the result of 
course is an increase in exports then it would be a differ- 
ent matter, but the sale of nuclear power stations abroad 
is unlikely to be limited by the capacity of the manufactur- 
ing companies and is much more likely to be limited by the 
demand. The reduced number will increase competition 
between the groups which the electricity authorities will 
rightly encourage but we must be careful at this stage of 
development not to give the impression that there is any 
lack of confidence in the ability of the consortia to 
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construct by the end of the White Paper Programme 
period nuclear power stations which will generate electricity 
at a price lower than that from conventional stations. 


Sub-contracting 


In addition to defining the probable extent of the gener- 
ation programme up to 1965, Sir Christopher came near 
to defining the attitude of the Generating Board towards 
the big consortia and detailed contracts. The following 
reproduces verbatim the relevant passage in his speech: 
“It seems to me that whilst these consortia may assume 
responsibility for the design and construction of many 
nuclear power stations, they will find it more and more 
necessary to buy items of plant from those specialist and 
general engineering firms which are best able to supply 
suitable equipment at the most favourable price.” This 
could be interpreted as indicating that the C.E.G.B. will 
not interfere with the sub-contracting arrangements of the 
big groups provided that suitable arrangements are made 
for parcelling out the work. Furthermore, whilst designs 
continue to be satisfactory and to show progress the central 
design organizations of the consortia will not be challenged 
by a generating board design team although generous 
liaison between the two organizations would no doubt be 
encouraged by both sides. 

It would appear also that the C.E.G.B. will consider that 
the present number of main groups constitutes an adequate 
range of design potential and that any additional con- 
sortium formations are to be discouraged. The relevant 
passage reads: “I doubt whether it would be nationally 
desirable or preferable for individual firms to set up addi- 
tional organizations for controlling the design of nuclear 
power stations and directing their organization.” 


Process Steam 


It is probably not generally realized how many large 
industrial concerns in this country are seriously examining 
nuclear reactors as a source of process steam and electricity 
generated by back pressure turbines. A number of the 
large paper manufacturers and chemical manufacturers are 
investigating reactor types with a view to installations of 
up to 50 MW heat. An initial problem of a single reactor 
unit being employed as a process steam and electrical 
generator concerns the very high load factor that is 
demanded, particularly in continuous chemical manufac- 
turing plants. For example, the load demand is not 
infrequently 100% for 365 days in the year and 24 hours a 
day. No periods for reactor shut-down whatsoever can be 
tolerated. The investment, therefore, in a single unit, how- 
ever reliable the design, which is to supply a high propor- 
tion of the total demand requires considerable courage. 
Nevertheless, it is likely that some inquiries which are 
now being examined by the companies prepared to manu- 
facture plant of this nature will lead to firm orders. 80% 
of the fuel consumed in the United Kingdom is used in 
the form of heat and only 20% is concerned with electrical 
generation. Nuclear reactors can be more significant in 
reducing fuel imports when applied to the production of 
process steam than to electricity production. Widespread 
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use of nuclear methods in this field will take much longer 
to develop but it is encouraging to know that British 
Industry is not slow to appreciate the potential advantages 
of competitive cost and independence of fossil fuel supplies. 


U235 Availability 


To those companies in the United Kingdom who are 
actively examining enriched uranium reactors and particu- 
larly those who are already designing and manufacturing 
plant in co-operation with American companies, the 
reluctance of the U.K.A.E.A. to issue any firm statement on 
enriched fuel availability must represent a serious handicap 
to long-term planning. The output of Capenhurst is 
officially a military secret, although, with the active 
espionage organizations that most countries maintain and 
the information that has been published in terms of pro- 
duction costs in the United States (which, related to capital 
expenditure and power consumption should lead to a very 
close approximation to the output per kWh consumed) the 
secret is probably held, not only by the British Government. 
but also by the governments of allied and non-allied 
countries. One is forced to the conclusion that the only 
section of the community which is really in ignorance of 
our fuel supply is industry, which requires to know, not the 
total figure, but at least a figure of availability on which 
realistic planning can be based. 

Whilst the total figure is unknown of course or not 
officially published, it is difficult for the allocation of 
available supplies to be criticized and one cannot help 
feeling that this is one of the main reasons why such figures 
are not disclosed. An additional cause of reluctance on 
the part of the A.E.A. to reassure industrialists may be the 
international rivalry mentioned earlier and may stem from 
a general principle not to encourage companies who are 
engaged on enriched reactor projects. If this were so, then 
clearly it would be petty in the extreme, but without some 
definite information to go on it is difficult to dismiss the 
idea completely. 


Aircraft Propulsion 


The cost of, and problems that are associated with, the 
development of a nuclear plant suitable for aircraft propul- 
sion were put firmly into perspective in a lecture by Dr. 
J. V. Dunworth, to the 6th Anglo-American Aeronautical 
Conference, held in Folkestone at the beginning of 
September. In his paper he concluded that there was little 
doubt that a nuclear-powered aircraft could be built but 
the only application which appeared to have received much 
attention so far was the supersonic low level bomber. 
Reaching the prototype stage would involve very large 
numbers of scientific and technical staff and would take at 
least 15 years. In support of the statement on the very 
large cost of such a project, quotations were given of the 
money invested in the U.S. project as published by 
Atomic Industrial Forum Inc. According to this review 
$200 million had been spent on the Air Force side of the 
project up to the end of 1956 and $140 million on the 
reactor side of the project. The 1957 expenditure was 
estimated at $237 million by the Air Force and $894 million 
by the A.E.C. Recent statements had indicated that the 
work on the airframe side of the project was to be 
significantly reduced. 

The aircraft industry is familiar with high development 
costs but this scale of expenditure is of a different order of 
magnitude. In this country where we are short of staff in 
all fields of technical endeavour, short of finances and, in 
addition, in a central position with regard to the two 
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major armed forces of the world, nuclear propulsion for 
aircraft should not be contemplated as a useful design 
project. Too much remains to be worked out in the 
technology of reactor systems for land-based plant. 


Farnborough Show 


At the same time as the Engineering, Marine, Welding 
and Nuclear Energy Exhibition was being held in London, 
demonstrating the recent advances in heavy engineering, the 
S.B.A.C. annual show at Farnborough was demonstrating 
to the world the latest British developments in the aircraft 
field. It was interesting to examine the static display at 
Farnborough (apart from watching the flying) to compare 
the different approach to construction in the aircraft 
industry and the heavy engineering industry. In many cases 
lightness and compactness have been the prime essentials 
and methods and techniques developed with these in mind 
are of specialized significance only and inapplicable to 
wider fields. One is nevertheless given the impression that 
more thought is given to detailed structural design and 
more faith is placed in calculation than in the larger 
engineering industries where tradition and _ established 
practice play a major role. We look forward to the time 
when those groups of companies which include an estab- 
lished aircraft manufacturer, notably Atomic Power Con- 
structions Ltd. (Fairey Aviation Ltd.) and Hawker-Siddeley 
John Brown Nuclear Construction Ltd. will have completed 
their first designs. The influence of aeronautical engineers 
could stimulate, in pressure-vessel design, a similar advance- 
ment to the one that has been taking place in their own 
industry in fuselage design over the past 15 years. 


The Calder School 


At the time of writing the fourth course on reactor 
Operation is in its third week at Calder Hall. So far 42 
people have attended the courses the first three of which 
were of 8 weeks’ duration but which now have been 
reduced to 6 weeks. Students have been predominantly 
British and overseas alternately, the present course catering 
for one British and 15 overseas visitors. Segregation of 
overseas from British students is made in order that 
different courses can be run for the two types of interested 
party. British attendance has been mainly from the four 
big groups who have been able to gain valuable design 
information from operational experience. A quarter of 
the course is spent actually at the plant, the rest of the time 
being taken up with lectures and experiments. A simulator 
with a control panel identical to the Calder control panel 
is of considerable assistance in showing the effect of 
transient conditions, etc. 


Public Inquiries in U.S.A. 


The U.S.A.E.C. has delayed issuance of a construction 
permit for the Yankee Atomic Power Company facility to 
build a pressurized light water nuclear station at Rowe. 
Massachusetts with an initial design output of 110 MW. to 
give time for a public hearing which is obligatory under the 
terms of the revised 1954 Atomic Energy Act. The large 
testing reactor in Ohio planned by NACA is similarly 
affected. Under the new amendment, reports of hearings 
must be published or made available for public scrutiny 
and the examination before permit issue is thus more nearly 
akin to a public inquiry than an internal A.E.C. investiga- 
tion. It is yet to be seen how much delay this will entail 
in granting building permission, but experience on the 
P.R.D.C. fast reactor project would appear to indicate that 
some trouble may be encountered with future plant siting. 
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EFFLUENT TREATMENT 


Precipitation—Ion Exchange Methods 


i 
By K. G. SEEDHOUSE, Bs5c., A.R.LC. 


(Technical Policy Branch, Industrial Group, Risley) 


The increase in size and number of reactors in operation will accentuate the 
problem of fission product disposal. This article describes work aimed at 
achieving greater decontamination factors than present large-scale methods, at 


the lowest possible cost. 


AM forms of radioactive waste disposal are based on 

the need to either disperse the effluent in the largest 
possible volume of medium, or concentrate it into the 
smallest possible bulk. 

Liquid effluent is dispersed by pumping it into the sea. 
However, because of health hazards, various forms of 
treatment are necessary before this can be done. Highly 
active wastes are usually evaporated and stored until 
sufficient decay occurs for them to be dischargeable. 
Medium and low active wastes are either discharged with- 
out treatment, or subjected to chemical treatment prior 
to discharge. 

Such chemical treatment is usually carried out by the 
cheapest possible method, i.e., flocculation, the activity 
being concentrated in the precipitate sludge by coprecipita- 
tion and adsorption. Alpha activity is readily removed in 
this way, decontamination factors (DF’s) of 100 being 
common. Beta-gamma activity, however, is not readily 
removed by cheap reagents, DF’s of 2-3 being the rule. 

These removals of {By activity have hitherto been 
adequate, but the situation is changing. The large atomic 
energy programme, and the tse of higher irradiation levels 
mean that larger quantities of fission products will be 
produced, together with greater proportions of the long 
lived isotopes, Sr and Cs". Consequently, it is important 
to have a form of medium active effluent treatment which 
can achieve considerably greater DF’s than present large 
scale methods, at, if possible, little additional cost. A 
considerable amount of work has been carried out with 
the Industrial Chemical Group at Harwell, having this end 
in view. 


Possible Methods 


Evaporation! can give DF’s of 10%-10°, but its use in 
medium active waste treatment is greatly influenced by its 
high operating costs: another disadvantage is that its con- 
centration factor varies inversely with the solids content of 
the effluent. 

Chemical flocculation has the advantage of being 
relatively cheap, concentrating the activity into a small 
volume of precipitate sludge, reducing the solids content of 
the effluent (the suspended solids being usually active), and 
the concentration factor being independent of the solids 
content. Its disadvantages are that the removal it can give 
is limited to a DF of about 10, unless either excessive 
quantities of reagents, or expensive reagents are used; 
furthermore, dewatering the sludge is often difficult. 

Soda-ash softening does not appear to be as effective as 
flocculation for mixed fission products, although it can give 
strontium removals of up to about 95%. 


lon exchange methods can give DF’s of up to 10°. 

However, since synthetic resins, if used, would not be 
regenerated, because no concentration of activity would 
be achieved thereby, their use may be uneconomic. 

Consideration of these methods led to the conclusion that 
the most satisfactory form of effluent treatment might arise 
from a chemical flocculation process, followed by ion 
exchange in columns, using a suitable natural material 
which would be sufficiently cheap to be discardable when 
the exchange capacity was exhausted. Such a system 
should possess the following merits: 

(a) If the effluent was hard water, flocculation of the 
hardness, together with other dissolved salts, and suspended 
matter should help the performance, and lengthen the 
useful life of the exchange material. 

(b) Non-precipitable activity, such as that due to cesium, 
should be removed in the columns. 

(c) Provided a cheap adsorbent of fairly high exchange 
capacity could be found, the additional cost of column 
treatment should be small by comparison with the 
flocculation treatment. 


Flocculation 


Precipitation of the hardness in water by phosphate has 
been the most generally successful of flocculation pro- 
cedures. A DF of 24 has been reported,’ using 200 ppm 
of Na,PO, at pH 11.5 on mixed fission products in tap 
water. This removal could be improved by adding slurries 
of adsorbents such as clays, but this is clearly undesirable 
because of the larger bulk of sludge produced, and the 
increased filtration difficulties. Removals up to 97.8% for 
Sr, and >99°%, for Y, Zr and Ce are given by phosphate 
coagulation.? Hydroxide precipitation appears less effective. 

Phosphate flocculation was therefore chosen for the work 
to be described. It had the additional merit of having 
given satisfactory results at the Harwell effluent treatment 
plant over a long period. 

The work was conducted on both a laboratory scale and 
a pilot plant scale. In both, a synthetic effluent was used 
consisting of demineralized water containing 50 ppm of 
calcium as the nitrate, and “ spiked” with samples of the 
raffinate from Column 1 of the Windscale Primary 
Separation Plant, different samples being used for the 
laboratory and pilot plant tests. Trisodium phosphate was 
added, together with ferric chloride. The function of the 
latter was to give a denser precipitate, and a clearer 
supernatant, and to remove excess phosphate ions, which 
might otherwise support algal growth in pipe lines, or in 
columns. The addition of iron would also be expected! to 
improve the removal of strontium. 
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In the laboratory tests, the precipitations were carried 
out continuously in a perspex sludge-blanket precipitator 
of 74 litres capacity, at a flow rate of 60 litres/h. In the 
pilot plant experiments, a 1300 gal precipitator was used. 
It was found to be much more difficult on the larger scale 
to control the level of the precipitate, since a flow rate 
greater than 470 gph could not be used, in spite of frequent 
sludging, without precipitate rising throughout the vessel, 
and overflowing into the columns. However, the long 
contact time, 23 hours, was not at all unsatisfactory since 
ruthenium removal is possibly enhanced thereby. 

It is clear from Fig. 1 that a pH of at least 11 is neces- 
sary to achieve the maximum activity removal from mixed 
fission products by flocculation. This would appear to be 
due to the importance of a high pH for strontium 
removal.2 It was found that the optimum reagent con- 
sumptions at pH 11.5 were 80 ppm PO,, and 40 ppm Fe. 

These conditions gave excellent flocculation, a very clear 
supernatant being produced, containing not more than 
10 ppm of suspended solids. The total dissolved solids 
content of the effluent was 500-600 ppm, and contained 
<3 ppm Fe, <4 ppm PO,, and <20 ppm. Ca. 


Results of Flocculation 

The removal of fy activity in the laboratory tests was 
95-96%. In the pilot plant, the mean removal for the 
treatment of over 12,000 gallons was 93.8% +2.0. The 
composition of the activity left was:— 


% activity due to Cations 

Radiocolloids .. .. 44 


where “non-ions” represent the activity which is 
unremoved by both cation and anion exchangers. Most of 
the residual activity should be removable by an ion 
exchange mineral, since it should remove nearly all the 
cations and most of the radiocolloids. The fission products 
present after precipitation were: 2% Zr, 2-6% Sr, 
10-30% Ru, 30% Ce, 12-60% Cs. 

The two samples of fission products used for the 
laboratory and pilot plant tests gave quite different 
removals for ruthenium and cesium. In the case of 
ruthenium, the removal in the laboratory tests was only 
17-47%, ‘but was 91-97% in the pilot plant experiments. 
The difference is probably due to different ruthenium 
species being present in the two samples, to the different 
contact times, and to different degrees of radiocolloid 
formation, the latter effect being influenced by the first two. 
Nitrosyl ruthenium itself was found to be readily removed 
by this treatment, a test on a sample showing 98.9% 
removal. 

Cesium removal in the laboratory trials was less than 
10%, but in the pilot plant tests, removals of 40-90% were 
obtained. These surprisingly high removals are possibly 
due to a combination of ion exchange with the phosphate 
precipitate, and coagulation of solid matter on which 
cesium was adsorbed. 

The removals of the other elements were 92-97% Sr, and 
97% Ce. The zirconium removal was only 92% in the 
pilot plant compared with at least 99% in the laboratory, 
greater radiocolloid formation in the former being probably 
the main reason for the difference. 


Removal of Radiocolloids 

After phosphate flocculation, about 40% of the activity 
was present as radiocolloids. This consisted principally of 
cerium, together with zirconium, ruthenium, and strontium. 
It was found that most of the radiocolloids could be 
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removed by a treatment consisting of precipitating ferrous 
sulphide in a second precipitator after the phosphate 
coagulation, using 20 ppm Fe as FeSO,, and 20 ppm S as 
Na.S, without altering the pH. This treatment was found 
to be satisfactory on the pilot plant, a clear supernatant 
being obtained, and 70% of the activity being removed, 
giving an overall removal of about 98%. This extra 
removal was mainly due to the effectiveness of the method 
towards cerium, the overall DF for which was 2 x 10° after 
sulphide treatment. The overall removals for the other 
isotopes were 97% Zr, 95-99.7% Sr, 94-97% Ru, and 
80-94% Cs. The effect of sulphide treatment on the 
nitrosyl ruthenium sample was to increase the overall 
removal to 99.7%. 

Although sulphide precipitation is effective, it has been 
found to be unnecessary since filtration by a column 
adsorbent wil! remove radiocolloids. In addition, sodium 
sulphide is an unpleasant chemical to handle, and its use 
would present storage difficulties. Operationally it is a 
disadvantage to be uncertain of the level of the black 
precipitate, since, when looking down into the liquid, all 
light is absorbed, and the supernatant appears black 
although it is actually clear. However, a regular sludging 
procedure overcomes this difficulty. 


Selection of Ion Exchange Materials 


It has long been known that cations can be removed 
from solution by soils, as a result of the displacement of 
calcium from the soils. This ability is a property of the 
clay constituent, and the extent to which exchange can 
occur depends on the proportion and type of clay present. 
Montmorillonite, illite, and kaolinite are the most common 
clay constituents of soils and their cation exchange 
capacities (CEC) are:— 


Kaolinite .. 2- 5S meg/100g 
Illite 20- 40 meg/100 g 
Montmorillonite 50-150 meg/100 g 


It is not possible to use these clays in their natural state 
in columns because they form. muds with water. This can 
be remedied, but only by quite expensive methods. Soils 
containing relatively large proportions of high-capacity 
clays were thought to have greater potential for this type 
of work, because of their cheapness. Subsoils possessing 
capacities of 30-50 meg/100 g are common, and a number 
of these were used. Unfortunately, it was found that the 
soils with the largest capacities were almost impermeable 
to liquid flow. This was especially true when sodium ions 
were in the water passed through soil columns, the soil 
particles becoming highly dispersed; in most cases, very fine 
particles discoloured the column effluent, and, because of 
the activity they carried, often rendered effluent samples 
more active than the feed. 

Soil conditioners were used in an attempt to improve 
the permeability of soils. Monsanto’s “RD 4054,” and 
Cyanamid’s “ Aerofloc 548” reagents were efficaceous on 
the laboratory scale using a concentration of 0.1% 
(reagent/soil), and drying the soil for 24 hours after treat- 
ment. Quaternary ammonium compounds such as dimethyl 
dioctadecyl ammonium chloride (Armour’s “ Arquad 2 
HT”), and silicones, were outstandingly successful in 
rendering the soils hydrophobic without affecting activity 
removal, although higher dosages were required. However, 
when hundredweight quantities of soils were treated by 
these methods, they were found to be satisfactory only for 
a time, becoming gradually impermeable after prolonged 
use, the reagents presumably having become solubilized. 
However, part of the failure may have been due to 
insufficient drying. 


‘ 
] 
; ‘ 
4 
< 


October, 1957 


Filter aids such as Kieselguhrs did not improve the 
permeability of the soils with which they were mixed, 
segregation occurring within the columns. 

An alternative approach was to adjust the pH in the 
flocculation stage with lime instead of caustic soda, 
calcium having little effect on the permeability of a soil. 
It is difficult, however, to produce a pH of 11 with lime, 
and, furthermore, its use reduces the removal given by 
the soil. 


REMOVAL 


pH 


Fig. 1.—Removal of mixed fission products by phosphate 
coagulation using 80 ppm POx« and 20 ppm Fe. 


The shales which are waste products of coal mining have 
CECs of the same order as soils, by virtue of their illite 
and kaolinite contents,> but they are useless for column 
work, because they break down when treated with water. 

Crushed low-grade cokes and coals can remove nitrosyl 
ruthenium with about 99% efficiency in batch tests; so can 
spent oxide, the waste product of town gas purification, 
the sulphur content of these materials being responsible for 
this property. However, since only the inorganic consti- 
tuents of coals and cokes remove activity from solution, 
their effective life is very short. Spent oxide cannot be 
used in columns because of its poor permeability. These 
materials were also tried as filter aids for soils, but were 
ineffective. 


Crude Vermiculite 

The basic requirements for an exchange material used in 
an effluent system are: 

(a) Good permeability throughout a wide pH range, and 
especially at high pH and sodium values. 

(b) No breakdown of particles to colloidal dimensions, 
since this results in their passage out of a column, thereby 
raising the activity of the effluent. 

(c) A high cation exchange capacity. 

(d) A rapid rate of exchange. 

(e) A low cost. 

All these requirements were found to be met in crude 
vermiculite. This mineral is similar chemically to biotite, 
from which most of it is formed by weathering. It is a 
complex Mg, Fe, Al, OH silicate. It is sold in either the 
crude, natural form, or the exfoliated, expanded form, the 
latter being produced by the action of heat on the former, 
the swelling which results giving a very light product. 

The exfoliated form cannot be used in columns, for it is 
so light that it tends to float when liquid is passed through 
it, thereby giving abnormally high flow rates, and smaller 
activity removals than the crude form. Another disadvan- 
tage is its small CEC per column volume, because of its 
low density. The crude vermiculite used in this work 
was the Grade 1 product of Mandoval Ltd. The size is 
35-20 Tyler, and the price is about £19/ton. The CEC is 
about 90-100 meg/100 g. It is mined in N.E. Transvaal, 
where there are deposits of several million tons. 
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Fig. 2.—Removal of mixed fission products by polyelectrolyte 
coagulation. 


A Aerofloc 552. 
3000. 
C Aerofloc 548. 


The material was used in its natural state, ie., the 
calcium form. It was packed wet, no difficulty being 
experienced from air bubbles in columns allowed to run 
dry. No degradation was observed if a column was run 
alternatively dry and wet, such as occurs with soils. 

Using a 30-in. head on beds of | to 2-ft depth, a flow 
rate of 100 gph/ft? was obtained with demineralized water, 
i.e., a flow equivalent to that of a sand filter. When 
demineralized water containing 100 ppm Na as NaOH is 
used (pH 11.1), the flow rate is 30 gph/ft? which is about 
10 times greater than most soils will give. 


Performance of Crude Vermiculite 


Crude vermiculite was used in 5-ft diameter columns to 
treat the effluent both after phosphate treatment only, and 
after phosphate-sulphide treatment. Its performance was 
most satisfactory whether used in downward-flow or 
upward-flow columns. Each column was capable of 
handling about 900 gph, but the activity removal decreased 
if the flow rate was raised above 600 gph. 

An 18-in. bed of the material gave an overall DF of 
600-1,000 whether or not sulphide treatment had been used 
after phosphate flocculation. This removal was not 
improved by having greater bed depths. The residual 
activity was mainly ruthenium, presumably in anionic and 
nonionic forms. The overall removal of the individual 
elements after vermiculite was >97°,, for Zr and Sr, 98°, 
Ru, >98°, Cs, and ~ 99.9% Ce. 

Alge were observed to grow in a vermiculite column 
which had been left full of stagnant sulphide effluent for 
about one month. Laboratory tests indicate that vermi- 
culite will certainly support algal growth, but that alge 
are unlikely to arise spontaneously in such a treatment 
system for a plant using demineralized water. Hence, if 
the precipitator and columns have some form of covering 
to prevent the entry of airborne material and sunlight, it is 
unlikely that alge will grow; if they do, hypochlorite can 
be used to destroy them. 


The Effect of Inactive Wastes 


Radioactive wastes often contain small concentrations of 
complexing agents such as citric acid, oxalic acid, and 
E.D.T.A., wetting agents such as Teepol, and in the case 
of laundry effluents, detergents such as DP52. Complexing 
agents might be expected to affect both the precipitation of 
activity and its removal by ion exchange. It is known® that 
detergents at concentrations of 8-20 ppm will interfere with 
alum floc formation, resulting in slow settling of the 
precipitate. Complex phosphates have a similar effect but 
at concentrations of 1 ppm. Detergents are removed to 
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Fig. 3.—Removal of mixed fission products by polyelectrolyte 
coagulation. 


A_ RD 4054. 
B RD 4055. 


some extent by coagulation’ with alum, activated silica 
and ferric iron, and by bentonite, and activated carbon. 
Hence it was thought possible that their presence might 
affect the removal of activity by both coagulation and ion 
exchange. Wetting agents might have a_ beneficial 
influence, by reducing the surface tension of the effluent in 
the precipitator, thereby reducing the quantity of floc 
carried over by the supernatant. 

Hence, the affect of the reagents mentioned was 
investigated. The influence of Calgon (sodium hexameta- 
phosphate) was also studied, since, although it is difficult 
to see why it should be present in a radioactive effluent, its 
properties suggest that it would be deleterious. Calgon at 
concentrations as low as 0.6 ppm will inhibit the precipita- 
tion of CaCO, from ammoniacal solutions;® it will also 
dissolve calcium phosphate and ferric oxide precipitates.‘ 
It is most unlikely that these reagents will be found in 
effluents at greater concentrations than about 60 ppm, and 
the results at this concentration are as shown in Table 1. 

It is seen that only Calgon has any appreciable effect, and 
this at a concentration much greater than would obtain in 
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practice. At a concentration of | ppm it reduced the 
removal by flocculation to 91%, and had little affect on the 
overall removal. 


Further Improvements 


The use of commercial synthetic polyelectrolytes was 
investigated to find whether their outstanding flocculation 
properties would result in better activity removals than 
those given by phosphate precipitation. Those studied 
were Cyanamid’s “ Aerofloc 552,” “ Aerofloc 548,” and 
“$3000,” and Monsanto’s “RD 4053,” “RD 4054,” and 
“RD 4055.” 


TABLE 1 
Removal Removal 
Reagent by Flocculation by Vermiculite 
Nil .. 94 99.9 
Calgon ne 14 99.0 
Citric 93 99.0 
EDTA. .. 93 99.2 
Oxalic 93 99.3 
Teepol 95 99.6 


It was found that they could not be used in water con- 
taining appreciable hardness, since they complex calcium. 
If they are added to the phosphate treatment system, the 
supernatant becomes turbid, and the overall removal is 
reduced. Since no calcium is removed from the solution, 
the life of a vermiculite column is greatly reduced. 

However, the performance of polyelectrolytes was seen 
to be extremely good if used in demineralized water con- 
taining small quantities of Fe as FeCl,. An extremely 
compact precipitate was produced under the correct pH 
conditions, with a very clear supernatant. The precipitates 
were more filterable than phosphate sludge. Table 2 shows 
the activity removals obtained, using 10 ppm of poly- 
electrolyte and 40 ppm Fe, and a 25 cm bed of vermiculite. 


Traitement de l’effluent par précipitation—Echange d’Ions 


Le grand programme d’énergie atomique et l’emploi de niveaux 
d irradiation plus élevés produiront de grandes quantités de produits 
de fission avec des quantités importantes d’ isotopes a longue durée. 
Cet article décrit les travaux effectués pour obtenir des facteurs 
de décontamination considérablement plus élevés que ceux donnés 
par les méthodes actuelles a grande échelle, a un coiit le plus bas 
possible. 


Des produits de fission mélangés dans de l’eau déminéralisée 
ont été décontaminés par un facteur de 600-1,000 sur une échelle 
@ installation témoin par un procédé de précipitation suivi du 
passage du produit supernageant par une colonne de vermiculite 
brute. La floculation s’est produite a pH 11.5, employant 80 ppm 
de PO,, 40 ppm de Fe, 50 ppm de Ca, et du NaOH. 


Une amélioration possible pour les installations employant de 
eau déminéralisée serait de précipiter 40 ppm de Fe dans de 
l’eau déminéralisée avec 10 ppm de polyélectrolytes synthétiques, 
vu que cette méthode donne des éliminations d’activité du méme 
ordre que le procédé au phosphate, mais fonctionne aun pH de 7-8. 


Abwasserbehandlung durch Ausfallen—Ionenaustausch 


Als Folge des umfangreichen Atomkraftprogramms und der 
Anwendung von héheren Bestrahlungspegeln, ist mit Anfall grosser 
Mengen von Spaltprodukten mit hohem Gehalt an langlebigen 
Isotopen zu rechnen. Dieser Artikel beschreibt Arbeiten, 
die ausgefiihrt wurden, um weit gréssere Entgiftungszahlen als 
die bisher bei im Grossen durchgefiihrten Prozessen erzielten zu 
erhalten, und zwar bei méglichst geringem Kostenaufwand. 


Das in entmineralisierten Abwassern enthaltene Spaltprodukt- 
gemenge ist in einer kleineren Versuchsanlage mit einem Faktor 


von 600-1,000 entgiftet worden, und zwar mit einem Ausfiillver- 
fahren und anschliessendem Durchgang der iiberstehenden 
Fliissigkeit durch eine Kolonne mit Rohvermikulit. Die 
Ausflockung ging bei einem pH-Wert von 11,5 vor sich, wobei 80 
Teile pro Million PO,, 40 T.p.M. Fe, 50 T.p.M. Ca, sowie NaOH 
zur Anwendung kamen. 

Eine mégliche Verbesserung von Anlagen, die entmineralisiertes 
Wasser verwenden, ware Ausfallen von 40 Teilen pro Million Fe 
mit 10 T.p.M. synthetischen Polyelektrolyten, da dieses Verfahren 
eine Beseitigung der Aktivitat in demselben Ausmass wie das 
Phosphatverfahren ergibt, aber bei einem pH von 7-8 arbeitet. 


El tratamiento de efluyentes por precipitacion—Cambio de Ion 


El extenso programa relacionado con energia atémica y el uso de 
niveles mas elevados de irradiacion produciran grandes cantidades 
de productos de fisién con cantidades considerables de isotopos de 
larga vida. Este articulo describe el trabajo llevado a cabe para 
alcanzar factores de decontaminacién considerablemente mas 
grandes que los métodos en gran escala actuales, al costo mas bajo 
posible. 

Productos de fisién mixta en agua desmineralizada han sido 
decontaminados por un factor de 600-1,000 sobre una escala de 
planta auxiliar por medio de un procedimiento de precipitacién 
seguido del paso del ** superflotante ” a través de una columna de 
vermiculita. La floculacién ocurre en pH 11,5, empleando 
80 ppm PO,, 40 ppm Fe, 50 ppm Ca, y NaOH. 

Una posible mejora para plantas que emplean agua des- 
mineralizada seria el precipitar 40 ppm Fe en agua desminerali- 
zada con 10 ppm de polielectrélitos, desde que este método ofrece 
remociones de actividad del mismo orden que el procedimiento de 


fosfato, pero opera a pH 7-8. 
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Figs. 2 and 3 show the manner in which the decon- 
tamination varies with the pH at which the flocculation 
is performed. 

It is seen that the method gives activity removals of the 
same order as those given by the phosphate flocculation, 


TABLE 2 

Removal Overall DF 

Reagent pH Range by Flocculation | after Vermiculite 
Aerofloc 552 7.0 93—94 100—130 
Aerofloc 548 7.0 93—94 50—110 

S$ 3000 8.0—9.0 96 540 

RD 4055 7.0 92 160—300 
RD 4054 7.0—8.0 90—92 170—360 
RD 4053 7.0 93—94 100—220 


but has the outstanding feature of working at pHs of 
7 or 8. This has the following advantages:— 

(a) The low dissolved solids content of the effluent 
means a greatly increased useful life for a vermiculite 
column. 

(b) Less competition between inactive and active ions 
for uptake on vermiculite results in the improved removal 
of some isotopes. 

(c) Lower running costs will arise because of the reduced 
quantities of chemicals used; in spite of the high cost of 
polyelectrolytes (about £600/ton), the reagent cost should 
be about half that of the phosphate method. 

(d) Lower maintenance costs should occur because of 
reduced wear on materials when working with near-neutral 
solutions. 

The removal of radioelements by 50 ppm Aerofloc 548 
and 40 ppm Fe followed by a 25 cm bed of vermiculite is 
given in Table 3 for various pH values at which the treat- 
ment was conducted. 


TABLE 3 
Removal by Flocculation Overall °,, Removal 

pH 

Zr Sr Ru Cs Ce Zr Sr Ru Cs Ce 
7 >95| 54 92 | ~ 6] 99.3 |> 95] 94 94 DF=600 
8 >95| 44 92 |~6| 988 |> 95) 94 94 |> 97 | DF=200 
90} 85 76 | ~6| 95] 94 80 97 | DF=600 
10 70| 37 20 | ~11 > 95) 94 82 97 | DF=200 
11 70} 35 18 | ~11 | 36 >9 94 84 7 99.3 


Good flocculation is only produced by this reagent at 
pH 7; hence it is really impracticable to use it above 
neutrality since the vermiculite would become loaded with 
the unprecipitated iron. The low removal of strontium 
indicates that these reagents have a complexing effect on 
it, as in the case of calcium. This fact, remembering the 
toxicity of strontium, is the main disadvantage of the 
process. However, it may be possible to improve the 
strontium removed by passing the effluent which has gone 
through a vermiculite column, into a column of vermiculite 
in the sodium form. 

A possible improvement may be to avoid the use of iron, 
and, instead, use flocculation between polyanions and poly- 
cations.!° This would reduce the salt content of the 
effluent still further, and improve the life of a vermiculite 
column. In addition, the method would be advantageous 
if precipitation was followed by an electro-deionization 
unit, since water containing | ppm of iron or more, 
deposits brown slime on the membranes which may 
eventually affect the performance.!! Since both the invest- 
ment and operating costs for electro-deionization are 
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strongly dependent on the salt concentration of the feed, 
polyelectrolyte treatment would be more advantageous to 
its performance than phosphate coagulation. 


Plant Design 


A plant incorporating a flocculation-ion exchange 
process is envisaged as shown in the accompanying 
diagram. 


BACKWASH 


DISCHARGE 


DISCHARGE 


SOLIC WASTE SOLID WASTE 


Fig. 4.—Diagram of proposed flocculation-ion exchange plant. 


Sludge Blanket Precipitator. 
Sand Filcer. 

Vermiculite column. 

Hopper for spent Vermiculite. 
Sludge Storage Tanks. 

Sludge Filter. 


Qurkwn— 


A sand filter is used to filter off any suspended floc carried 
over from the precipitator. The precipitate sludge is allowed 
to settle in storage tanks, the thickened solids being filtered. 

There are two possible philosophies to adopt with regard 
to column design. The first is to use a small number of 
very large columns which require emptying and recharging 
(say) once each year; the second is to use a greater number 
of relatively small columns which are emptied and 
recharged as a daily routine. It is likely that the latter 
method will be preferred because the problem of emptying 
the columns is so very much less; the spent vermiculite 
is washed out of its pressure filter into a hopper from which 
the solid is dropped into drums for storage, the supernatant 
liquid being discharged. 

The operating conditions could doubtless require modi- 
fication in a plant because of different proportions of radio 
elements present in the effluent, and the inactive substances 
present. For example, an effluent containing a very low 
quantity of strontium could probably be treated satisfac- 
torily by phosphate flocculation at a pH considerably 
lower than 11. The method of precipitation-ion exchange 
can clearly be used both on hard water effluents and on 
effluents from plants using demineralized water. 


The author is indebted, for their assistance, to members 
of the Industrial Chemical Group, Harwell, with whom this 
work was conducted, and to Mr. G. J. Hunter, for his 
analytical work. 
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THORTUM— 


Its Properties and Characteristics 


By I. P. BELL, Me. A.lnst.P. 
(Culcheth Laboratories. 


In this, the second of the metallurgical series, the application of thorium to 
nuclear engineering is considered, and its relevant physical, mechanical and 
chemical characteristics are given, particular attention being paid to com- 


patibility with other materials that it may encounter. 


NLIKE uranium, thorium is not itself a fissile material. 
Natural thorium, however, which is virtually 100% 
Th’, can absorb thermal neutrons and become Th”*, which 
then transforms by two stages of 8 decay through proto- 
actinium to U*?, This is a fissile isotope of uranium, so 
that thorium, which is referred to as a fertile material, is 
effectively a nuclear fuel. Its importance is enhanced by 
the fact that it may be possible to build a homogeneous 
thermal reactor fuelled with thorium and U** and achieve 
a positive fuel gain factor of up to 10% (i.e. 1.1 atoms of 
U*3 recovered from thorium for each atom of U* con- 
sumed). This is more favourable than the corresponding 
uranium-Pu™* system, and it may even prove possible to 
build a self-maintaining system in a heterogeneous reactor 
or, at least, one requiring only a small feed of U*> or Pu®®. 
The achievement of a positive gain factor with a thermal 
thorium system is not likely to be of crucial importance’. 
In addition the thorium system is probably more favourable 
from the standpoint of chemical processing and fabrication 
of fuel elements. 


Thorium could be employed in a variety of forms in a 
power-producing reactor, and some of those contemplated 
include:— 


1. as a metal in a pressurized-water heterogeneous 
reactor 

2. an alloy with U*® in a sodium-cooled, graphite- 
-moderated reactor 

3. an intermetallic compound with bismuth, Th,Bi, 
suspended in molten bismuth in a liquid-metal fuelled 
reactor 

4. ThO, slurry in D,O in an aqueous homogeneous 
reactor. 


On the debit side, the Pa”* produced through absorption 
of neutrons by Th? has several detrimental effects on 
reactor performance, capture of neutrons by Pa”* leads 
to some reduction in conversion factor and reactivity, and 
the delay between neutron absorption in thorium and 
production of U*** causes initial reactivity drop, and a rise 
in reactivity after shut down®. In general the effects of 
Pa*3 would become important at power ratings of about 
1 MW/kg of fissile material. 


OCCURRENCE 


Thorium is very widely and dilutely distributed over the 
earth’s surface, to the extent of about 0.0012% in the crust. 
Probably the only economically workable ore is monazite 
sand, which has been found chiefly in Brazil and India, 


although large deposits have been recently discovered in 
South-west Africa. The sand consists mainly of the ortho- 
phosphates of rare earth metals, with smaller quantities of 
thorium and uranium, and is normally concentrated by 
ore-dressing methods, Table 1 gives a typical analysis ot 
Brazilian concentrate. 


EXTRACTION 


In the U.S.A., the normal commercial method of thorium 
extraction has been the digestion of the monazite sand with 
excess sulphuric acid?. The solution then contains most 
of the thorium and rare earths, and the former is separated 
by fractional precipitation or carbonate separation. 


Another route which has been used, on a smaller scale, 
is digestion of monazite sand with caustic soda, followed by 
solvent extraction of the thorium. In Britain thorium 1s 
produced by acid digestion of monazite, followed by a 
complex chain of purification processes resulting in a very 
pure oxide. 


Production of the metal in its pure state is difficult 
because of its high melting point coupled with its reactivity 
with gasses, carbon and many metals. The method used is 
to mix the pure oxide with calcium and heat under special 
conditions, producing thorium metal dispersed as beads in 
a lime matrix. Acid leaching then isolates the metal, and 
powder metallurgical methods are used to produce bars. 


The American method is the bomb reduction of thorium 
tetrafluoride by the action of calcium and zinc chloride, 
thereby producing low-melting thorium-zinc alloy.® The 
zinc is removed by heating under vacuum at 1,200°C in a 
graphite crucible, followed by induction melting of the 
thorium in beryllia crucibles, and bottom-pouring at 1,800°C 
into graphite moulds. 


Metal of high purity can be produced in small amounts 
by the de Boer iodide process, which involves the formation 
of the tetraiodide by the action of iodine on finely divided 
bomb-reduced metal, and its subsequent decomposition on 
a heated filament. The final product is densified by arc 
melting. Table 2 gives some analysis figures for thoriuin 
prepared by the three routes. 


PHYSICAL PROPERTIES 


The physical properties of thorium, considered as a 
reactor fuel, are in general superior to those of uranium. 
It possesses a higher thermal conductivity and lower 
coefficient of thermal expansion, both factors leading to 
reduced stresses in the material during generation of heat. 


| 
‘ 


October, 1957 


Its density is substantially less, implying reduced stresses 
in designs where the fuel is itself a load-bearing member. 
Its chief advantage is probably its isotropic crystal 
structure, which means that thorium is free from the gross 
deformation and surface wrinkling which occur in uranium 
on thermal cycling and irradiation, since these effects are 
undoubtedly associated with anisotropy of the individual 
grains. In addition, it is unlikely to manifest the accelerated 
creep under irradiation shown by Cottrell to occur in 
uranium. There are also theoretical reasons for believing 
that it will be less subject to high-temperature swelling.* 


A disadvantage, particularly in such a reactive metal, 
is its rather high melting point (1,690°C), making casting of 
the metal more difficult. 


Detailed physical properties are set out in the Data 
Sheet. 


MECHANICAL PROPERTIES 


The mechanical properties of thorium which are of most 
interest in its application to reactors are its ductility, with 
its implications on forming and fabrication, and its strength, 
as given by measurements of hardness, yield and ultimate 
tensile strength, and creep resistance, from the aspect of 
in-pile fuel element behaviour. These and other relevant 
properties are set out in the Data Sheet. The important 
features of the mechanical properties of thorium have been 
investigated in detail by Schwope and co-authors, and their 
findings are summarized here.’:® The hardness variation 
of thorium with temperature is shown in Fig. 1. The 
abrupt change of slope in the curve is believed to occur at 
a critical temperature at which the grain boundaries relax 
under strain. 


HARDNESS DPHN 


300 400 500 600 700 
TEMPERATURE C 


Fig. 1.—Hardness variation of Ames thorium (A 233) with 
temperature. 


Tensile testing of thorium shows up a number of interest- 
ing features. In the first place, it exhibits a yield point 
which gradually disappears with increasing temperature, 
the temperature of disappearance being higher at higher 
strain rates. Table 3 shows the comparative tensile results 
on vacuum annealed sheet at two strain rates. It will be 
observed that the ductility also decreases with temperature, 
an effect which persists at slower rates of strain (Tables 4a 
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Fig. 2.—Hardness and yield strength plotted against carbon 
content. 


and 4b). 
Table 5: 


Several further points of interest emerge from 


1. Annealing reduces the strength and increases the 
ductility of cold-worked thorium. 


2. There is no significant difference in the properties 
along and at right angles to the rolling direction. 


3. Strain hardening is largely complete at 25% reduc- 
tion of area. 


4. Annealed material shows strength comparable to 
the cold worked metal at high strain rates. 


All the above observations on the tensile properties of 
thorium are consistent with the idea that the material is 
undergoing strain ageing during the tests. This phe- 
nomenon, which occurs in steels, and is there known as 
* blue brittleness,” has also been found in titanium’ and 
probably occurs in niobium,!® both of which are materials 
of interest in reactor engineering. Its presence in thorium 
is further confirmed by the occurrence of a transition from 
high to low energy absorption with decreasing temperature 
during notched-bar impact testing (Fig. 7). 

The compression properties of annealed thorium are 
shown in Table 6. By comparison with Table 4b it can be 
seen that the compressive yield strength is comparable with 
the tensile value at room temperature, but less at 300°C. 
Young’s modulus is probably not significantly different. 

The effect of interstitial impurities has been studied by 
deliberate additions to both calcium reduced and iodide pro- 
cess thorium.!!: 2 It may be seen from Table 7 that carbon 
has a greater effect than the other elements on the mechani- 
cal properties, and in excessive amounts can cause severe 
embrittlement. Fig. 2 shows the effect of carbon on yield 
strength and hardness of calcium reduced annealed 
thorium." 

Work on the creep strength of thorium, by Schwope and 
co-workers, provides perhaps the clearest evidence of strain 
ageing occurring during the test, for it can be seen from 
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Fig. 3.—Stress plotted against minimum creep rate of thorium 
sheet at 200, 400, 572 and 600° F. 


Note. At the lower end of the 400° F curve = is beyond accuracy of 
measurement at 14,000 p.s.i. 


Fig. 3 that at stress levels above 15,000 p.s.i. the secondary 
creep rate of annealed thorium sheet at 93°C (200°F) is 
higher than at 240°C (400°F). Figs. 4-6 give creep curves 
for annealed thorium sheet at these temperatures.* 


COMPATIBILITY 
The chemical reactions occurring between thorium and 


other materials will be considered under the headings (1) 
Water, (2) Gases, (3) Liquid metals, (4) Solids. 


Water 

The corrosion of cast and arc melted calcium-reduced 
thorium in distilled water at 100°C and 200°C has been 
studied by Berry and co-workers."’ Both forms exhibited 
excellent corrosion resistance at 100°C, the increases in 
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weight of the specimens being about 0.1 mg/cm’ per 
month or better. This high resistance is shared by binary 
thorium zirconium alloys throughout the range 5 to 30 wt. % 
zirconium. Corrosion resistance was lowered, in many 
cases substantially, by alloying additions of aluminium, 
chromium, lead, molybdenum, nickel, niobium, silicon, 
titanium and vanadium. At 200°C the corrosion resistance 


° as, 

200 400 600 800 000 1200 1400 1600 1800 2000 2200 2400 

OURS 


Fig. 4.—Creep curves for Ames thorium at 200 F. 


A ==0,0017",,/h 20,000 p.s.i. 
B £=0,0001",,/h 15,000 p.s.i. 


of unalloyed thorium is poor, but some improvement is 
obtained by alloying with zirconium or titanium (Figs. 8 
and 9). 


Gases 


The corrosion of thorium in air has been studied by 
Mallett and Allrecht'! in the temperature range 100 to 
900°C. The coating that forms on the metal is principally 
ThO, indicating a predominant oxidation process, although 
some thorium nitride appeared to form in the 400 to 500°C 
region. Table 8 shows the results obtained on cold rolled 
sheet. 

Short term tests on thorium at 800°C in flowing air and 
nitrogen have given rates of reaction of 12.0 and 
8.8 g/cm?,h respectively. Change in flow rate had very 
little effect on corrosion rate. Hydrogen corrodes thorium 
severely even at low temperatures. Figures of 80 mg/cm?.h 


Thorium 


Les propriétés physiques et mécaniques du thorium sont 
expliquées en rapport avec son emploi dans les réacteurs nucléaires, 
et son réle dans la puissance nucléaire est considéré. L’extraction 
du métal est décrite briévement. La compatibilité chimique 
avec des matériaux tels que l'eau, le métal liquide, les gaz et 
les solides qu'il peut rencontrer dans le service du réacteur est 
examiné avec un certain détail. Sa fabrication, soudage et 
usinage sont discutés. 

Finalement leffet de Virradiation neutron sur le thorium est 
décrite, pour autant quelle soit connue. Les renseignements 
sur ce sujet sont trés limités, mais on a rapporté que des augmenta- 
tions de résistance et de dureté ont été constatés sans accompagne- 
ment de croissance. Les alliages de thorium avec 1,5% 
uranium n’ont présenté que de faibles modifications de dimen- 
sions et de petites augmentations de duretés. 


Thorium 


Es werden die physikalischen und mechanischen Eigenschaften 
des Thoriums, soweit sie fiir seine Verwendung in Kernkraft 
Reaktoren in Betracht kommen, dargelegt und seine Rolle in 
der Ausnutzung der Atomkrdfte einer Betrachtung unterzogen. 
Die Extraktion des Metalls wird kurz beschrieben. Seine 
chemische Vertrdglichkeit mit anderen Stoffen wie z.B. Wasser, 
fliissigen Metallen, Gasen und festen Stoffen, mit denen es im 
Reaktor-Betrieb in Beriihrung kommen kann, wird ziemlich 
eingehend behandelt. Zusammenbau, Schweissen und maschinelle 
Bearbeitung werden diskutiert. 


Harte bemerkt worden ist, ohne zusdtzliche dimensionale 


geringe dimensionale Verdnderungen und ein geringes Anwachsen 
der Harte gezeigt. 


Zum Schluss wird die Wirkung einer Bestrahlung von Thorium 
mit Neutronen beschrieben, soweit man dariiber etwas weiss. 
Die Informationen iiber diesen Gegenstand sind sehr beschrénkt. 
Es wird aber berichtet, dass ein Zuwachs in der Starke und der 


Verdnderung. 
Legierungen von Thorium mit 1,5% Uranium haben nur 


Torio 


Las propiedades fisicas y mecanicas de torio pertinentes a su 
empleo en reactores nucleares son presentadas, y se considera el 
papel que desempena en la energia nuclear. Se describe breve- 
mente como se extrae este metal. Se considera algo detallada- 
mente su compatibilidad quimica con materiales tales como agua, 
metal liquido, gases y sélidos que puede encontrar en el servicio 
en reactores. Se discuten la fabricacién, la soldadura y el 
mecanizado. 

Finalmente, se describe lo que hasta ahora se sabe del efecto 
sobre el torio de la radiacién neutrénica. La informacion sobre 
esta materia es muy limitada, pero se han tenido informes de 
que se han notado aumentos en fuerza y dureza, sin creci- 
miento coincidente. Las aleaciones de torio con 1,5°% de uranio 
1 ionales de poco monto 


han mostrado nte b dime 
y pocos aumentos de dureza. 
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and 129 mg/cm’,h loss of thorium have been obtained in [| 
tests in one atmosphere of hydrogen at 400 and 505°C a 
respectively. After continued exposure the specimens dis- _ 
integrated into a coarse black powder. 


Liquid Metals 


IMPACT (FT-LB) 


The reactions occurring between thorium and liquid oe —— 
metals are of interest in consideration of its use in a liquid oe a ee Se eee: f | 
metal cooled or fuelled reactor. | | | 7 | 

sodium-potassium alloy is very high, a figure of 0.006 
mg/cm?,h having been obtained? at 600°C. The corrosion Ly | 
rate increased with increasing oxygen content in the NaK. 
No evidence of stress corrosion was observed. Tests in 0 Bel | | | [_ | 

-i00 -7§ -25 25 50 75 100 180 


sodium at 500°C and lithium at 600°C showed no signifi- 
cant attack. Some attack occurs in bismuth at 900°C, and 
it reacts extensively with gallium at 600°C. 


TEMPERATURE (°C) 


Fig. 7.—Variation of impact characteristics of thorium with 


temperature. 
five intermetallic compounds with thorium! showed no 
jane! evidence of attack at 500°C for periods up to two months. 
ttt ttt 1 The existence of a eutectic at 640°C presumably gives an 
upper limit to its compatibility. 
The solid solubility of magnesium in thorium is low, but 
BPH TH Ht too i two intermetallic compounds are formed, severe attack being 
< hy CEC Ee obtained at 500°C and above. At 400°C no attack occurred 
6 in one month. Couples with zirconium, tantalum, titanium, 
tH tt 
| 
200 490 600 800 1000 1200 1400 1600 1800 2000 2200 2400 | 
HOURS 300 4 
| 
Fig. sits cli curves for Ames thorium at 400° F. 
£=0,0001% /h 20,000 p.s.i. 
Note. To 13. 4% a at 2975h. Entered third stage at 2400h. | a 
B = =0,00005"/h 18,000 p.s.i. 
C 2=0.000036%/h 16,000 p.s.i. 
D £=nilo 14,000 p.s.i. 
= 
4 
2 
4 rT t t ct 
Fig. 8.—Thorium-zirconium alloys exposed to distilled water 
at 200°C. 
Fig. 6—Creep curves of Ames thorium at 600°F. 
A £=0.00072%/h 17,000 p.s.i. Entered third stage at 1,600h. (To C Thorium—4 Swe. zirconium. 
16.0% ae 3,475h.) D Thorium—20 we. zirconium. 
jorium—30 we. % zirco 
D = -0,00006°,/h 10,000 p's.i. (To 1.51% at 2,613h. G we. % 
Solids 


molybdenum and tungsten were all completely compatible 
for periods of three months at 900°C, and in addition the 
zirconium and tungsten couples were unattacked in one 


The compatibility of thorium with potential canning 
materials has been studied.” Aluminium, which forms 
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hour at 1,300°C. Niobium was fully compatible at 800°C 
for two months and at 900°C for one week. Nickel forms 
a range of intermetallic compounds with thorium, and is 
attacked at 900°C. Short term tests suggest that it is com- 
patible at 800°C. Nimonic 90 showed alloying at 900°C, 
but none after one week at 700°C. Stainless steel was 
attacked at 700°C but was unaffected at 600°C. 


WEIGHT GAIN MG/CM? 


200 300 
EXPOSURE (HOURS) 


Fig. 9.—Thorium-titanium alloys exposed to distilled water 
at 200°C. 

A Unalloyed thorium (calculated from metal loss assuming corrosion 
product is Th'O2). 

Thorium—10 we. % titanium. 

Thorium—15 wt. % titanium. 

Thorium—20 wt. titanium. 

Thorium—25 we. ° titanium. 

Thorium—30 wt. °, titanium. 


It should be emphasized that the above data were obtained 
under conditions of mechanical contact only, no cold 
welding, for example, having been employed. For con- 
venience the results of the tests are summarized in Table 9. 

From the point of view of melting and casting the metal, 
the reactions of thorium with refractories is important. 
Aluminium, magnesium and calcium oxides are rapidly 
attacked, and thoria contaminates the melt with oxide. 
Beryllia is the best material to use, being resistant up to at 
least 1,800°C. Zirconia is also usable with carefully con- 
trolled temperatures. Graphite contaminates the charge 
with carbon, and has a deleterious effect on the mechanical 
properties, as already mentioned. 


FABRICATION 


As would be expected from the high ductility values 
quoted earlier, thorium is not a difficult metal to work by 
the normal metallurgical methods if the precaution is taken 
of providing an inert atmosphere or a protective metal jacket 
during hot working.? Extrusion is possible in the range 
500-1,000°C with copper or iron protection and lubricating 
jackets, but at the higher temperatures chromium plating 
of the copper may be necessary to prevent reaction with 
thorium. Forging is quite possible in the range 750 to 
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800°C. Hot and cold rolling are both usable—hot rolling 
considerably improves the subsequent cold rolling charac- 
teristics of cast metal, reductions of up to 90% being 
possible on previously hot-rolled sheet without serious 
cracking. Titanium, zirconium and niobium alloys with 
thorium give the best ductility, and castings of up to 6 wt.% 
can be cold rolled to 75% reduction. Swaging of wire and 
small diameter rod is easily achieved, but special lubrication 
is required for large rod. Surface grinding and milling of 
thorium are practicable and its turning characteristics are 
similar to mild steel, although coolants are desirable to 
eliminate the radioactive and pyrophoric dust hazards. 

Thorium can be welded with an inert gas shielded arc and 
the welds have good strength and ductility.! Cracking, 
however, sometimes occurs during the welding operation, 
and appears to be a function of the restraint applied to 
the weld during the cooling period. Welding tests on 
thorium samples containing considerable amounts of 
aluminium, beryllium, oxygen and nitrogen showed no 
significant effect of these impurities on quality, but welds in 
samples containing large amounts of carbon were rather 
more prone to cracking. 


EFFECTS OF REACTOR CONDITIONS 


Information is very limited on the behaviour under 
neutron irradiation of thorium and its alloys. Increases 
in the yield strength by a factor of two, and hardness 
increases from 40.5 to 67 with no accompanying growth, 
have been reported. Thorium 1-5% uranium alloys show 
only slight dimensional changes, and small hardness 
increases. As already mentioned, thorium is probably also 
much less susceptible to high temperature irradiation 
swelling. 


CONCLUSION 


The data presented on thorium in this paper show 
properties in general superior to those of uranium, partic- 
ularly in its compatibility with reactor structural materials. 
It shows comparable corrosion in gaseous atmospheres, and 
is highly pyrophoric in finely divided form. It presents a 
radioactive hazard during melting and fabricating, necessi- 
tating special precautions. The properties of thorium under 
irradiation have not been fully investigated, but the avail- 
able information suggests that they will be very much more 
favourable than those of uranium. 
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DATA SHEET 


No. 2. Thorium 


PHYSICAL PROPERTIES 


Atomic weight .. 23242 
Naturally occurring 227; ‘ne, 230, 231, 232(100”,,), 234 
Crystal form (x) up to 1400°C. Face centred cube 

(8) Above 1400°C. Body centred cube , 


Lattice constants « at 20°C .. 5.089 A 

Co-ordination number _.. 12 

Density Theoretical g/cm* 11371 

Ames cast metal .. 11.55-11.63 

Heat of vaporization kcal/mole.. 130-177 

Specific heat cal/mole, °C at 27°C 6.54 

Entropy cal/mole, °C at25°C .. 13.6+0.8 
Electrical resistivity cm 

Bomb-reduced  .. x 18 

Pure (estimate) .. 13-14 


Super conductivity 
Thorium becomes super conducting below .» 1.3-1.4°K 


THERMAL EXPANSION 


Mean Coefficient of Linear Expansion of Thorium (4) 
Forged, rolled and annealed at 788°C in argon. 


Mean linear expansion 
renee coefficients per °C 
x 10° 
20- 100 11.55 
30- 200 11.55 
30- 300 11.65 
30- 400 11.75 
30- 500 11.9 
30- 600 12.0 
30- 700 12:5 
30- 800 12.3 
30- 900 1 
30-1,000 12.65 


THERMAL CONDUCTIVITY (5) 


Temperature Thermal conductivity 
cal/cm, °C, sec 
100 0.090 
200 0.093 
300 0.096 
400 0.100 
500 0.103 
0.106 
650 0.108 
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Young’s modulus (Tension) at 
Table 4(b)) .. 
(Compression 
Shear modulus at 25 C, 10° p.s.' 
Poisson’s ratio at 25 C (See also 
Compressibility cm?/dyne 
Limit of proportionality 
Yield strength 
Ultimate tensile strength 
Hardness.. 
Creep strength .. 


TAB 
Analysis of Brazilian Conc 
(RE)2O3* 
20s 
Fe2Os3 
SiOz 
* 
TAB 
Effect of Temperature and St 
Upper yield | Lower yie 
strength strengtt 
p.s.i. p.s.i. 
Strain ri 
20 37,000 34,401 
200 17,500 16,500 
300 _ 8,400 
Strain 
20 47,500 42,250 
200 21,700 19,600 
300 15,450 13,700 
400 _ 8,900 
Temperature Strain rate 
Cc min-' 
25 0.003 
25 0.007 
25 0.016 
200 0.007 
300 0.007 
500 0.007 


Effect of Prior 


Prior history 


25% R.A.—Perpendicular to 
25% R.A.—Perpendicular to 
25% R.A.—Parallel to R.D. 
25% R.A.—Parallel to R.D. 
50% R.A.—Parallel to R.D. 
50% R.A.—Parallel to R.D. 
50% R.A.—Perpendicular to R. ‘D. 
50% R.A.—Parallel to R.D. 

50% R.A.—Parallel to R.D. 

50% R.A.—Parallel to R.D. 


R.D. 
R.D. 


= 
| 


MECHANICAL PROPERTIES 
(Tension) at 25°C, 10° p.s.i. (See also Fatigue strength 
Compression). (See also Table 6) .. bli Plate-bending Fatigue Results on Notched Thorium Annealed Sheet (7) 
5 C (See also Table 6) .. ne a 0.27 Maximum elastic stress Linea 
16.4 
nality .. Tables 4(b), 5 and 6 
( 20,000 ,000 
Tables 3, 4(a), 4(b), 5, 6 and 7 18000 42.397 606 
trength .. .. Tables 3, 4(a), 4(b), 5 and 7 


.. Table 7 and Fig. 1 


Figs. 3, 4, Sand 6 Impact characteristics. Fig. 7 gives the impact characteristics 
of annealed calcium reduced thorium (7). 


The following tables refer to the text of the article. 


TABLE 1 TABLE 2 
razilian Concentrate of Monazite Sand (2) Partial Analyses of Thorium (ppm), (2), (12) 
6.5% 
6.0% ° 1,600 100 
173% 2 100 
200 430 
Al < 100 < 100 < 160 
* Rare earths. de ae < 100 < 100 100 
Fe ae ma < 100 135 200 
Be 150 < 100 
TABLE 4(a) 
TABLE 3 Tensile Properties of Annealed Calcium Reduced Thorium Sheet— 

rature and Strain Rate on the Yield Point (7) Variation with Temperature (8) 

Ultimate Yield strength | Uleimate tensile Reduction 

tensile Elongation (0.2% offset) strength Elongation in area 

strength p.s.i. p.s.i. % 
p.s.i. 
Strain rate 0.007 min ' 
Strain rate 0.1 sec ' 21 16,370 28,100 49 61 
) 34,400 37,200 35 43 93 11,600 23,000 51 55 
y 16,500 22,500 26 60 204 9,050 19,800 29 44 
18,250 25 56.5 316 8,700 18,900 28 38 
Strain rate 0.659 sec ' Strain rate 0.33 min‘ 

0) 42,250 44,000 35 43 21 19-20,000 30,800 41 64 

¢) 19,600 23,000 37 50 93 11-12,000 23,600 39 63 

+) 13,700 19,600 25 48 204 9-11,000 19,300 34 67 

8,900 15,800 25 58 316 6- 8,000 18,100 28 61 
TABLE 4(b) 
The Tensile Strength of Annealed Thorium Rod (7) 

Strain rate Yield strength Ultimate tensile Young's modulus Reduction in 
min-* L. of P. p.s.i. (0.2% offset) p.s.i. strength p.s.i. 10° p.s.i. Elongation % area % 
0.003 20,000 24,500 35,600 10.0+) 47.0 64 
0.007 22,000 27,000 37,500 10.0+0.2 41.0 a 
0.016 22,000 32,300 j 10.0: 0.2 48.0 61 
0.007 8,400 12,500 24,500 — 32.5 70 
0.007 7,300 11,400 21,800 8.5+0.2 37.5 65 
0.007 6,800 9, 17,400 7.1403 50.9 71 

TABLE 5 

Effect of Prior Strain on the Room Temperature Tensile Properties of Cold Rolled and Annealed Thorium (7) 

Strain rate Ultimate tensile | Reduction Elongation 

ior history L. of P. p.s.i. strength p.s.i. in area %, 

ular to R.D. No 0.007 25,500 45,500 46,800 36.0 = 

ular to R.D. Yes 0.007 17,300 24,500 33,850 41.2 _ 

J i No 0.007 26,000 42,500 43,600 33.9 oe 

Yes 0.007 15,000 24,700 33,200 48.5 

BBs. - a No 0.007 27,500 42,900 44,200 28.0 6.3 

2 ae Yes 0.007 20,500 3,000 32,500 50.0 26.0 

ular to R.D. Yes 0.007 20,100 23,100 32,600 49.0 26.0 

ae Yes 39.6 a 42,800 44,000 55.0 37.0 

R.D. Yes 6.0 _ 34,500 37,200 43.0 35.0 

R.D. Yes 39.6 —- 43,300 ,000 43.0 35.0 

R.A. = Reduction in area. R.D.= Rolling direction. 
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p.s.i. (See also 


so Table 6)... 


16.4 
. Tables 4(b), 5 and 6 

5 3, 4(a), 4(b), 5, 6 and 7 
bles 3, 4(a), 4(b), 5 and 7 
Table 7 and Fig. 1 

.. Figs. 3, 4,5 and 6 


Fatigue strength 


Plate-bending Fatigue Results on Notched Thorium Annealed Sheet (7) 


Maximum elastic stress Lifetime 
i cycles 
25,000 316,000 
22,500 391,000 
20,000 882,000 
18,000 > 12,397,000 (no failure) 


Impact characteristics. 


of annealed calcium reduced thorium (7). 


Fig. 7 gives the impact characteristics 


The following tables refer to the text of the article. 


jonazite Sand (2) 


the Yield Point (7) 


TABLE 2 
Partial Analyses of Thorium (ppm), (2), (12) 
Element Bomb-reduced lodide Powder-process 
Os 1,600 < 100 
N.. 200 <100 
Si 600 200 430 
Al < 100 < 100 < 160 
Si. < 100 < 100 100 
Fe < 100 135 200 
Be. 150 <100 
TABLE 4(a) 


Tensile Properties of Annealed Calcium Reduced Thorium Sheet— 
Variation with Temperature (8) 


te : Yield strength | Ultimate tensile A Reduction 
Elongation ———— mn (0.2% offset) strength — in area 
h p.s.i. p.s.i. % 
Strain rate 0.007 min * 
21 16,370 28,100 49 61 
y 35 43 93 11,600 23,000 51 55 
D 26 60 204 9,050 19,800 29 44 
y 25 56.5 316 8,700 18, 28 38 
Strain rate 0.33 
D 35 43 21 19-20,000 R 41 64 
y 37 50 93 11-12,000 23,600 39 63 
D 25 48 204 9-11,000 19,300 34 67 
D 25 58 316 6- 8,000 8,100 28 61 
TABLE 4(b) 
The Tensile Strength of Annealed Thorium Rod (7) 
. Yield strength Ultimate tensile Young's modulus : Reduction in 
(0.2% offset) p.s.i. strength p.s.i. 10° p.s.i. Elongation % area % 
24,500 35,600 10.0) 47.0 64 
7,000 37,500 10.0+0.2 41.0 — 
32,300 7,300 10.0+0.2 48.0 61 
12,500 24,500 _ 32.5 70 
11,400 21,800 8.5+0.2 37.5 65 
17,400 7140.3 50.9 71 
TABLE 5 
e Room Temperature Tensile Properties of Cold Rolled and Annealed Thorium (7) 
Strain rate . Ultimate tensile | Reduction Elongation 
L. of P. p.s.i. strength p.s.i. in area % % 
No 0.007 25,500 45,500 46, 36.0 ae 
Yes 0.007 17,300 4,500 33,850 41.2 — 
No 0.007 26,000 42,500 43,600 33.9 _ 
Yes 0.007 15,000 24,700 33,200 48.5 _ 
No 0.007 27,500 900 200 28.0 6.3 
Yes 0.007 0,500 A 32,500 50.0 26.0 
Yes 0.007 20,100 23,100 32,600 49.0 26.0 
Yes 39.6 42,800 44,000 55.0 37.0 
Yes 6.0 os 34,500 37,200 43.0 35.0 
Yes 39.6 — 43,300 44,000 43.0 35.0 


R.A.=Reduction in area. R.D. 


Temperat 


The 


Composi 
wt % 


Unalloy 


° 
3 


(?) Brok 
Broke 


Thoriu: 
Thoriu: 
Thoriu: 
Thoriu: 
Thoriu: 
Thoriu: 
Thoriu: 
Thoriu 
Thoriu 
Thoriu' 
Thoriu! 


< be 
25 
25 
25 
300 
300 
— 
6.5% 
0.17% ( 
; 59.2% 
26.0%, 
1.75% 
0.51% 
2.16% 
08 
45 
17 
18! 
41 
19 
022 
066 
100 
150 
200 
300 
400 
500 
600 
700 
: 800 
900 


ae 
TABLE 6 
The Compressive Strength of Annealed Thorium Rod (7) 
Yield 
Temperature | Strain rate L. of P. strength veut S | Poisson's 
min-* p.s.i. (0.2% offset) | ratio 
10° p.s.i. 
25 0.005 17,000 23,900 9.740.2 |0.25+0.03 
25 0.01 15,000 26,200 9.7+0.2 |0.25 40.01 
25 0.025 5,000 26,000 10.0+0.2 
300 0.01 9,200 13,800 9.0+0.2 = 
300 0.025 12,000 17,000 8.8+0.2 _- 
TABLE 7 
The Effect of Added Elements on the Mechanical Properties of 
lodide Thorium Annealed Sheet (12) 
Yield Ultimate 
Composition strength tensile Elongation 
Unalloyed(') 11,200 19,700 44 60 45 
0.09 C 25,400 35,200 50 45 105 
0.13 C 34,200 45,400 44 51 128 
0.24 C 12(?) —() 157 
0.25 C 58,500 0 25 
0.35 C = 42,800(*) = 2 
0.08 O 10,200 17,600 43 54 45 
0.45 O 3,000 3,900 41 46 53 
0.17 N 16,400 29,800 32 54 69 
0.18 N 17,800 30,100 33 54 68 
0.41. N 18,900 33,800 32 48 74 
0.19 B 16,600 27,100 28 70 64 
0.23 B 16, 26,300 34 71 63 
0.022 Be 14,700 24,000 35 73 53 
0.066 Be 14,400 22,900 30 69 48 
(') Composition: 0.012 carbon, 0.08 oxygen. 
(?) Broke in specimen shoulder. 
(*) Broke without yielding. 
TABLE 8 
Corrosion Rates of Cold Rolled Thorium in Air 
Temperature C ee rate K 
700 ue ‘ 4.0 
TABLE 9 
Thorium-Metal Tests Showing Complete Compatibility 
Metal pair Result 
Compatible at— 
Thorium—Aluminium 500°C (2 months) 
Thorium—Magnesium* .. 400°C (2 months) 
Thorium-Zirconium 900°C (3 
Thorium-Tantalum 900°C (3 months) 
Thorium-Tungsten = cP 900°C (3 months) 1,300°C (1 hour) 
Thorium-Niobium. . de aise 800°C (2 oni 900 C (1 week) 
Thorium-Vanadium 900°C (1 
900°C (3 1,350°C (1 hour) 
Thorium-Nickel  .. 800°C (24 hours) 
Thorium-Nimonic 90 700°C (1 week 
Thorium-Stainless steel .. + 600°C (2 months) 
* A dilute magnesium alloy 
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Anticipated 500 MW Output 


— feature of the Hinkley Point power station, for 
which the C.E.A. is placing a contract with the English 
Electric—Babcock and Wilcox—Taylor Woodrow con- 
sortium, is the considerable increase in the designed output 
to 500 MW (net electrical). This increase will be achieved 
without significantly raising the fuel element operating tem- 
perature—a limiting feature in the gas-cooled graphite- 
moderated reactor—by contributions from several sources, 
notably by full utilization of the vessel diameter by the 
core, a smaller lattice pitch and by an increase in the operat- 
ing pressure and mass gas flow. 


General Description 


Hinkley Point is in Somerset on the Bristol Channel, some 
nine miles N.W. of Bridgwater and to the east of the 
Quantock Hills and particular attention is being paid to the 
appearance of the station’in relation to its setting. The 
design provides for two graphite-moderated gas-cooled 
reactors in spherical pressure vessels, and a total of twelve 
heat exchangers, feeding six 93.5 MW turbines driving 
hydrogen-cooled alternators generating at 13.8 kV and 
three 33 MW variable speed turbo-alternators for blower 
drive, one being a standby. 


The physical layout of the station is as a series of rect- 
angular blocks, there being two for the reactors and their 
associated heat exchangers, a central turbine house with a 
workshop block and the control and administration build- 
ings. The reactor blocks are located side by side, parallel 
to the turbine house so that the heat exchangers face the 
turbine house in four rows of three, to facilitate steam 
piping. The charge faces of the reactors are on the side 
adjacent to the turbine house, the cooling ponds for dis- 
charged elements being at the rear of the buildings. Cooling 
water for the turbines will be taken from the Bristol 
Channel, from a point about 2,200 ft offshore and returned 
to the main channel at a point some 2,300 ft to the eastward 
of the intake. The civil work includes a concrete sea wall 
nearly 3,000 ft long, wharves, and access roads. The 
consultant architect is Frederick Gibberd, C.B.E. 


Reactor 


The capacity of the reactor (approximately 950 MW heat) 
is achieved by the use of a large diameter core with a high 
mass gas flow; the core has been flattened and the channels 
gagged to allow maximum channel rating throughout. The 


SUMMARY OF DESIGN 
(Many of these figures are approximate only) 

Net electrical output of Fe on HEAT EXCHANGERS Height of biological shield 90 ft 

(2 reactors) Internal diameter . ft 
Heat output per reactor.. 980 MW 6 Thickness 
REACTOR Diameter 21 ft6in. Thickness of pile cap --thfe 

‘ Thickness 23 in. max. Secondary shield Length.. 140 ft 
Weight of vessel 1,700 tons | F Thickness 6 ft 6 in. 
Design working pressure 200p.s.i. "Steam Weight on reactor foundation 
10 000 Feed temperature... 160°F Turbine house Length 
Outlet gas temperature | 375°C APProx. evaporation 450,000 Ib/h Width 132 ft 
Core diameter (effective . 49 ft 
Number of fuel channels 4,500 No. of main sets .. .. 6 Length of cooling water intake 
— in. Output per set . 93.5MW structure .. 2,200 ft 
ii of auxiliary sets Sea wall, length .. 3,000 ft 
No. of elements per channel .. 8 oncrete requir ,000 cu. y 
Total weight of uranium —_ 370 tons CIVIL ENGINEERING Steel reinforcement 12,000 tons 
Total weight of graphite 2,000tons Height of reactor building 175 ft Road construction 6 miles 
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core is a 24-sided prism approximately 44 ft diameter and 
25 ft high. Fuel element channels of which there are some 
4,500 are slightly over 33 in. in diameter, the lattice pitch 
being approximately 73 in. There are eight fuel elements 
per channel, each element being approximately 3 ft in 
length, stacked on top of one another. Total charge per 
reactor is 370 tons uranium. 

The fuel elements which are, of course, natural uranium 
have a rod diameter of just under 1} in. and are canned 
in magnesium alloy, with longitudinal spiral fins. The 
estimated maximum fuel temperature is about 430°C. 

The high mass gas flow, some 10,000 Ib/sec, has been 
achieved by using an increased blower power and by raising 
the operating pressure to 180 p.s.i. Meticulous attention 
has been paid to heat shielding and cooling of the pressure 
shell, thus allowing the use of mild steel, and it would be 
possible to increase the working pressure to the region of 
200 p.s.i. without exceeding allowable stresses in the 
pressure shell. 


Pressure Vessel 

The spherical pressure vessel 67 ft diameter and 3 in. 
thick will be fabricated by Babcock and Wilcox, Ltd., on 
site from plates pre-formed in their Renfrew works, and it 
is estimated that 13 tons of weld metal will be required 
for each sphere. Designed in accordance with B.S. 1500, 
the vessel has twelve 6 ft 6 in. diameter openings for gas 
ducts and 170 nozzles varying from 3 in. to 2 ft for fuel 
elements, control rods, gas sampling, Wigner probes and 
debris removal. The total weight of the vessel is scme 
1,700 tons. 

The vessel is supported by a 30 ft dia. skirt which, by 
careful attention to the temperature gradients, does not 
require sliding supports. An internal skirt of similar design 
takes the weight of the core through a supperting structure 
designed on girder bridge principles. The core rests on 
ball bearing supports to allow free expansion. The total 


(Below) Artist’s impression of the station. 
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Side view of a heat exchanger unit. 


load to be supported by the foundations of the reactor is 
in the neighbourhood of 5,500 tens. 


Heat Exchangers 


Not the least interesting feature of the design is the 
increase in output from the heat exchangers compared 
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CHARGING FLOOR CRANE F 


MAIN CO, OUTLET DUCTS 


HIGH PRESSURE DRUM — 


LOW PRESSURE DRUM gl 


STEAM-RAISING UNITS 


BY-PASS DUCTS TO 


BLOWER HOUSE CRANE 


= 


===: = 
| 


: 


5 


SUPPORTING SKIRT 


(Above) Cross-section through reactor house. 


(Below) Diagrammatic arrangement of biological shield, charge 
tube and pressure vessel cooling circuits. 


MAIN CO, INLET DUCTS 


CO, BLOWER CASING 


with the Calder Hall design, an increase which might be 
described as spectacular, since the steaming capacity has 
been increased some 34 times, although the units are only 
20% higher and 25% larger in diameter. This increase 
has been achieved in two ways; by a more efficient system 
of studding for the tubes and an arrangement of tubes in 
the shell which gives a higher space factor. In the Calder 
design, the tube banks were rectangular in plan and 
the space factor, i.e., area of tube bank divided by the total 
area of shell was only of the order of 50%. In the new 
desigr the length of the tube loops are graded so that the 
plan view of the bank more closely approximates to the 
circular form of the shell and some 80% of the space is 
utilized. 

The studding, shown diagrammatically in one of the 
illustrations, differs considerably from the Calder Hall 


General view showing 
arrangement of tube 
studding. 


arrangement. The fins are wider (approximately 1 in.) 
and of different shape, tapering to a sharp edge. They 
are welded on in staggered formation. The new design 
was developed and tested for heat loss and pressure drop 
characteristics in the research station at Renfrew, using 
the same rig that was used for the Calder Hall develop- 
ments. The vertical arrangement of the tube banks follows 


the same general arrangement as the Calder units and is 
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C.W. OUTLET 
shown in an accompanying oo 
illustration. The steam condi- Ca 
tions are 650 p.s.i. for the LP ooo 


system, the respective super- 4 
heat temperatures being 
685°F and 670°F, with feed ES 


at 160°F. 

Each of the heat exchangers 
is 90 ft high and 21 ft 6 in. 
diameter, with a maximum 
wall thickness of 23 in. The 
method of fabrication is 
practically the same as has 
already been described for 
Calder Hall (Nuclear 
Engineering, October, 1956). 


FOREBAY 
SCREENS 


| PUMP HOUSE | 


Coolant 


The carbon dioxide coolant 
is circulated by blowers of 
the single stage axial flow 
type. The drive is by simple 
squirrel-cage motors, speed 
control being by variation of 
the supply frequency from 
the 33 MW alternators. Pony 
motors are provided for slow- 
speed Operation when 
required. 

An interesting feature of 
the blower design is the use of 
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an overhung rotor requiring 
only one gland seal. 
The ducts are 6 ft 6 in. 


---—-- 


diameter except at the expan- \ 
sion bellows joints, where the 

section is reduced to 5 ft 6 in. Air-operated isolating 
valves are provided on each duct, and provision is made for 
recirculation, and for gas purification during operation. 
The location of the heat exchangers is such as to obtain 
the maximum possible “chimney effect” for natural 
circulation of gas in the event of blower failure. 


Turbine House 


The main turbo-alternators are rated at 93.5 MW. The 
turbines are of the impulse-reaction type with HP and 
two LP cylinders in line. Each of the LP cylinders is of 
the double-flow type with separate condenser. The 
alternators are hydrogen cooled and generate at 13.8 kV. 

The variable-frequency sets for the blower drives are 
also of the impulse-reaction type. 

The feed heating and condensate system is common to 
the whole station. Two steam dumping condensers are 
provided, each being capable of handling 10% of the total 
output from one reactor in the event of loss of load under 
emergency conditions. The circulating water inlet valves 
to these condensers are locked open and the outlet valves 
are opened by signal from the dump control valves. Inter- 
locks are provided to prevent the dump valves opening 
until the circulating water valves are at least 25% open. 

The alternators are arranged transversely across the 
turbine house in two groups of three each side of the 
variable speed sets. 


Charge and Discharge 


Charge and discharge of fuel elements is effected on 
load by two separate machines, a “hole preparation ” unit 


Site plan. 


which carries out the preliminary work and the charge 
machine which carries out the actual lifting and lowering 
of the elements. Built-in cooling is provided for irradiated 
fuel elements removed from the reactor. Provision is made 
for removal of control rods for routine maintenance on 
load. 


Shielding 

The biological shield is of dense reinforced concrete, in 
the form of a duodecagon with walls 7 ft thick, 
surmounted by an 11 ft thick slab, covered by a thick 
steel plate, forming the charge floor. Taylor Woodrow 
Constructions Ltd., plan to build this in the same manner 
as the Calder charge floor, using a temporary bridge 
structure for support of the shuttering until the floor 
becomes self-supporting. The biological shield is 75 ft 
diameter and 90 ft high. 

A secondary shield in the form of a rectangle 100 ft by 
140 ft will enclose the complete reactor unit, masking the 
holes in the biological shield. 

Cooling of the biological shield and pressure vessel is 
generally as shown in the accompanying diagram. 


Erection Crane 

Said to be the largest of its kind ever projected, the main 
erection crane has been designed by Babcock and Wilcox 
for a total load of 400 tons. Of the Goliath type, the 
crane has twin bridges each carrying a 200-ton crab unit 
supported on a bipod structure at each end and of sufficient 
height to clear the main reactor buildings. 
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REMOTE HANDLING 


4. Shielding Systems 


By R. A. G. WELSHER, A.M.L.Mech.E., A.M.LProd.E. 
(Remote Handling Group A.E.R.E. Harwell) 


The previous article in this series dealt with the containment of alpha-active 
materials. This article considers the various types of material for shielding 
against high-energy radiation, and compares their main characteristics. 


HIELDING is essential for carrying out any work on 
active materials. In exceptional cases it is possible to 
rely on distance for protection (e.g. long tongs) due to the 
inverse square law, but this could only be relied upon for 
simple transfer from one operation to another. It is, again, 
possible to rely on the time factor (i.e. limited time of 
exposure to radiation) but this introduces an element of 
risk and the necessity for strict checks on dosage, so that 
it would only be allowable as an emergency measure. For 
any type of serious work shielding is essential, the type 
adopted varying with the type of radiation and the intensity 
levels encountered. Alpha-active materials have already 
been dealt with in the previous article in this series. 


Beta Activity 


For tracer levels of activity, manipulation can be carried 
out in glove boxes with rubber gauntlets as used for alpha 
work. Slightly higher levels are allowable if p.v.c. gauntlets 
of the order of .093 in. thick are substituted for the rubber 
ones. However, for the higher levels, although }-in. Perspex 
usually gives ample viewing protection, gloves do not give 
sufficient protection to the arms and hands, and manipula- 
tion must be carried out with tongs. 


Beta-Gamma Activity 

A wide range of materials can be used for protection 
from gamma rays and many factors can influence the 
choice. 

The great majority of the work on gamma materials at 
Harwell has been carried out in relatively small cells or 
boxes, having lead protection. It is only comparatively 
recently that larger concrete caves have been used to any 
great extent, for work requiring manipulation. 


Lead 

The use of lead has, no doubt, been influenced by the 
type of work in hand, the degree of development of avail- 
able handling tools and, in some cases, the particular 
buildings involved. Again, lead is easily cast into odd 
shapes, is easily filed and machined, and takes up a 
minimum of space. For the erection of protective walls 
standard lead bricks in 2-in. or 4-in. thicknesses have been 
in use for some years. A typical cell is shown in Fig. 1 and 
shows the various types of brick used, together with the 
window and sphere units, which are part of the manipula- 
tion system. 

The latter consist basically of a sphere located in the 
wall through which a tong can pass to give approximately 
70° solid angle of movement. All types of brick in 2-in. 
and 4-in. thicknesses are stocked items so that scientific 
personnel can erect simple cells with a minimum of skilled 
assistance. Walls constructed from these units are reason- 
ably stable up to heights of 2 ft 6 in. or 3 ft respectively but 
bracing or support is recommended above these heights. 


The weights of the standard bricks are 13 and 26 Ib 
respectively. 

Combinations of the 2-in. and 4-in. standard bricks are 
sometimes used for 6-in. and 8-in. wall thicknesses and are 
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y 
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Fig. 1.—Method of cell construction from lead bricks. 


quite successful for plain cells. However, if manipulation 
is required, difficulty may be experienced in the positioning 
of sphere and window units, due to the variations of brick 
heights, caused by the build-up of manufacturing 
tolerances. This, of course, can be partially overcome by 
lead packing, but can become a prolonged and tedious 
Operation. 

Further difficulty is experienced if it is necessary to 
line-up accurately holes for control shafts, etc., as the drill 
tends to wander when breaking through the vee faces. 
Pre-drilling is often not possible due to the positional 
variation of individual bricks by the tolerance build-up 
mentioned previously. 


Concrete 


Concrete shielding has been used in several forms. 
Fig. 2 shows a set of pre-cast concrete bricks of density 2. 
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Fig. 2.—Wall consi:ruction in pre-cast concrete bricks. 


These have been used with and without mortar, but 
although a few cells have been constructed their main 
application has been to store blocks or plinths as bases for 
lead cells. The sleeve units are for the passage of services, 
controls, etc., into the cell. 

Much use has been made of large concrete blocks of the 
order of 2 ft by 3 ft by 6 ft, constructed by the pouring of 
concrete into a steel angle frame, this providing well- 
protected robust edges, together with increased dimensional 
accuracy. They are mainly used for storage blocks and 
cells which do not require manipulative operations and are 
usually in the order of density 2. 


Loose Fill 

An unusual method recently introduced by the Reactor 
Division, Harwell, has been that of providing a series of 
steel framework sections, approximately 6 ft by 3 ft thick 
and 11 ft high, clad in mild steel sheet. Each section is 
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Fig. 4.—Standard and corner bricks for 8-in. cast iron walls. 


independent but joined mechanically, and can _ be 
individually filled with shielding material in a loose form, 
e.g. sand, chippings, ete. 

With cells of normal concrete construction, additions of 
windows or extensions are usually major operations often 
requiring the use of pneumatic drills, etc., but with the steel- 
frame type, the particular section requiring modification 
can be emptied and alterations carried out with much less 
upheaval. The system appears very attractive for condi- 
tions where unknown factors have to be allowed for but 
insufficient experience has been gained, to date, to allow 
a definite conclusion to be reached. 
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Cast Iron 

Another system of block wall construction is by cast- 
iron bricks of the form shown in Fig. 3. These were 
originated by the Industrial Group, Risley, but were only 
4 in. thick instead ‘of 8 in. as used at Harwell. Standard 
l-in. dia. B.M.S. bars are placed in the V slots to act as 
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Fig. 3.—Typical 8-in. cast iron wall assembly with sphere unit. 


keying rods in the horizontal direction. This system has 
a M.S. sphere housing with a standard 54-in. dia. lead 
sphere as used in the 4-in. lead-brick system. Corner and 
standard bricks are shown in Fig. 4; the latter weigh 36 lb. 


Fig. 5.—Enclosure methods 
for alpha - beta - gamma 
radiation. 


The bricks were used as cast, plus a protective coating, 
and although the system appeared attractive from a cost 
point of view much trouble was experienced during erec- 
tion, strips of lead foil being necessary between the 
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horizontal layers to serve as a seating and levelling medium. 
Experience has indicated that it would have been more 
economical if the thickness had been machined, thus provid- 
ing a better surface to closer tolerances. 
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Fig. 6.—Standard brick and sphere unit for 40-in. lead walls. 


Alpha-Beta-Gamma Activity 

Work in this category at Harwell is usually carried out 
in what is virtually an alpha-tight glove box surrounded 
by lead shielding. Glove manipulation is replaced by tongs, 
of course, and a typical set-up is shown in Fig. 5 using the 
standard 4-in. lead-brick system. P.V.C. gaiters make an 
airtight but flexible connection for the tongs, one end being 
fixed to the tong shaft adaptor and the other terminating 
on a port attached to the box. The adaptor includes a 
bayonet fitting for tong shaft removal or tong replacement, 
thus allowing the alpha box to be removed from the 
shielding wall for possible decontamination or modification. 
It will be noted that the sphere is situated in a cylindrical 
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A G.E.C. heavy-alloy sphere, weighing 65 Ib, showing method 
of housing. 


housing in the sphere brick; this is to allow sphere with- 
drawal for gaiter replacement. 

A further range of lead bricks, introduced by the 
Designs Group, is suitable for multi-curie source strengths 
A standard brick and sphere unit is shown in Fig. 6, the 
former weighs 320 lb which gives some idea of erection 
requirements. Standard designs are available together with 
the necessary moulds, and the range includes standard 
bricks, two-third and one-third bricks, window and sphere 
units for manipulation. Due to the particular form, special 
corner bricks are not required, otherwise the general sét-up 
is similar to that shown in Fig. 5. 

it will be noticed that the sphere, which is 7 in. dia., is 
of relatively smaller proportions than that for the 2-in. 
or 4-in. range. This is mainly to reduce the bulk size of 
the unit and to maintain a reasonable spacing distance for 
adjacent units. To counteract the reduced shielding due 
to the smaller sphere, the latter is made from a more 
dense material such as copper-tungsten alloy (heavy- 
metal) or in some cases, depleted uranium. Due to the 
weight of the sphere, high frictional resistance is obtained 
with the conventional seating but this has been offset by 
the provision of an air seating which supports the sphere. 
Cells constructed from these types of lead brick usually use 
M.S. plates of appropriate thickness, if roof shielding is 
required. 


Shielding Thickness 
The accurate calculation of shielding wall thickness is a 
very complicated procedure and rather outside the scope 
of this article. It is influenced by many factors including 
the type, shape and strength of the source, the energy 
spectrum, the distance from shielding and the amount of 
back-scattering, to quote the more obvious. To obtain an 
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approximation, the following relations can be used, but 
the second is very pessimistic for thicknesses above a few 
inches. 

(1) R=7EC 

(2) A=10F/TYL 
where R=roentgens/h at 1 ft, E=energy in MeV, 
C=curies. 

A=attenuation, T=wall thickness and TVL=tenth 
value layer of the appropriate material (i.e. that material 
thickness required to reduce the radiation level by one 
tenth). 

Fig. 7 indicates TVL values for some of the more 
common shielding materials and it will be noted that they 
vary with the energy and are not always in ascending 
order. 


Choice of Types 


The type of shielding used can be greatly influenced by 
the particular work to be carried out and the location. 
The individual relatively small brick system is very 
adaptable for conditions, where cells have to be erected in 
relatively small laboratories and when heavy lifting equip- 
ment is not available or difficult to install. However, if 
this policy is adopted care must be taken to ensure that all 
units can be handled by not more than two persons. Having 
had the lead-brick system in operation for some time before 
the cast-iron bricks were tried out, experience with the 
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latter, although reasonably satisfactory, did not justify their 
general adoption. For the 10-in. brick described it is 
imperative that correct lifting tackle and equipment is 
available. Lifting eyes have been constructed which fit 
into the special steel spring inserts included in the brick 
and are invaluable. 

It should be noted that it is necessary to take precautions 
against lead poisoning by the wearing of protective gloves, 
when regularly handling lead bricks. If it appears necessary 
to construct shielding walls in thicknesses above 10 in. of 
lead, there is an indication that concrete would be a more 
economical proposition, especially with the increasing 
availability of suitable manipulation facilities. 

Suitable viewing systems for use with the aforementioned 
shielding systems have been described by Mr. F. S. Bloxam 
in a previous article. 
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Maniement a Distance 4—Systemes de Protection 


Les méthodes de protection contre la radiation alpha ont 
déja été décrites dans un article précédent. Pour la radiation 
béta ou gamma, toutefois, des dispositifs de protection plus 
substantiels sont nécessaires et il y a une gamme étendue de 
matériaux desquels on peut choisir. Les briques en plomb 
forment une méthode pour une cellule du type le plus petit, 
quoique au-dessus d'une hauteur d’environ métre un entretoise- 
ment sera nécessaire. 

Le béton a été utilisé avec succés, sous la forme d’une con- 
struction monolithique ou sous la forme de briques moulées ou 
de blocs. Des briques en fonte ont aussi été employees. 

Un développement relativement récent est constitué par un 

mur construit a l'aide de cellules en acier, dont chacune est 
remplie de matériaux détachés tels que sable, fragments, etc. 
Cette construction simplifie toutes les modifications qui peuvent 
étre nécessaires, telles que V'addition de fenétres supplémentaires 
et de mécanismes de maniement. 
“Ou la radiation alpha est combinée avec les radiations béta 
et gamma, il est usuel d’ajouter une protection a la construction 
normale de la boite a gants imperméable a la radiation alpha. 
Dans ce cas une fermeture imperméable a lair peut étre faite 
pour le mécanisme a pinces a l'aide d’une guétre en p.v.c. 

L’appareil normal avec sphére en plomb utilisé pour le manie- 
ment des pinces est quelquefois remplacé par une sphere en alliage 
lourd cuivre-tungsténe ou en uranium épuisé. Des siéges a 
air comprimé sont utilisés pour compenser laugmentation de la 
résistance de frottement. 

Le calcul exact de l’épaisseur de protection n’est pas simple, 
mais une formule est donnée pour une approximation. 


Fernbetiitigung 4—Methoden der Abschirmung 


Abschirmungs-Methoden gegen Alpha-Strahlung sind bereits 
in einem friiheren Aufsatz beschrieben worden. Gegen Beta- 
und Gamma-Strahlen ist Schutz mittels schwererer Abschirmung 
notwendig, und es gibt da eine Reihe von Materialien zur Auswahl. 
Bleiziegel bilden einen einfach anzuwendenden Schutz fiir die 
kleinere Art von Zellen, obwohl sie bei einem Schirm von. iiber 
1 m Hohe besondere Abstiitzung erfordern. 

Beton ist mit Erfolg benutzt worden, sowohl in Form von 
monolithischen Konstruktionen als auch in Gestalt von gegos- 
senen Beton-Ziegeln oder Blécken. Gusseiserne Ziegel sind 
auch schon verwendet worden. 

Eine verhdiltnismdssig neue Entwicklung. stellt eine Wand 
dar, die aus Stahlzellen aufgebaut ist, die jede mit losem Material 
wie Sand, Spdnen usw. gefiillt werden kann. Eine solche Kon- 
struktion macht Abénderungen einfach, falls sie erforderlich 


fahren Anhalt gibt. 


werden, wie z.B. zusdtzliche Fenster oder zusétzliche Betdtigungs- 
Mechanismen. 

Wo Alpha-Strahlung mit Beta- und Gamma-Strahlung 
kombiniert vorkommt, ist es iiblich, die normale Konstruktion 
der gegen Alpha-Strahlen geschiitzten Handschuh-Zelle mit 
einer zusdtzlichen Abschirmung zu versehen. Ein luftdichter 
Abschluss fiir den Zangen-Mechanismus kann in solchem Falle 
mittels einer Gamasche aus Polyvinylchlorid erzielt werden. 

Die normale Blei-Kugel, die zur Betéitigung der Zangen 
benutzt wird, wird manchmal durch eine Kugel aus einer schweren 
Kupfer-Wolfram-Legierung oder aus verbrauchtem Uranium 
ersetzt. Druckluft-Lagerung wird dann benutzt, um den 
héheren Reibungs-Widerstand auszugleichen. 

Die genaue Berechnung der Dicke der Abschirmung ist nicht 
einfach. Es wird jedoch eine Formel gebracht, die einen unge- 


Manejo a Distancia 4—Sistemas de Blindaje 


Los métodos de blindaje contra radiacion alfa ya han sido 
descritos en un articulo anterior. Para radiacion beta o gama, 
sin embargo, es necesario un blindaje mas pesado y hay una 
gama extensa de materiales de los que se puede escoger. Los 
ladrillos de plomo forman un método muy conveniente para el 
tipo mas pequetio de célula, aunque se necesitara un arriostra- 
miente de aproximadamente 1 metro de altura. 

El hormigon ha sido empleado con éxito en la forma de con- 
struccién monolitica o en la forma de ladrillos o bloques 
precomprimidos. También se emplean ladrillos hierro 
fundido. 

Una_ evolucién comparativamente receiente consiste en un 
muro construido de células de acero, cada una de las cuales 
puede ser rellenada con material suelto, tales como arena, 
astillas, etc. Esta construccién simplifica cualesquier modifi- 
caciones que sean necesarias, tales como el agregado de ventanas 
adicionales y mecanismos de manipulacion. 

Donde la radiacién alfa se combina con radiacion beta y 
gama, se acostumbra agregar blindaje al diseto normal de 
** caja de guante”’ estanca a la radiacion alfa. En este caso se 
puede hacer un sello estanco al aire para el mecanismo de tenaza 
por medio de una polaina de cloruro polivinilico. 

La unidad “ standard’? de esfera de plomo empleada para 
manipular tenazas se reemplaza a veces con una esfera de aleacion 
pesada de cobre-tungsteno o uranio agotado. Se emplean 
asientos de aire comprimido para compensar el aumento de 
resistencia friccional. 

El calculo exacto de espesor de blindaje no es sencillo, pero 
se da una expresién para una aproximacion. 
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The Russian 420 MW Power Station 
Pressurized Water Design Favoured by U.S.S.R. 


Based on a paper to the Belgrade session of the World Power Conference held in 
June a description is given of a 420-MW power station which constitutes one of the 
nuclear power supply targets in the Sixth Five-Year Plan for the Development of 


the National Economy in the U.S.S.R. 


FoR this nuclear power station the U.S.S.R. has decided 

to employ pressurized ordinary water reactors (POWR) 
in which pressurized ordinary water constitutes both 
coolant and moderator, with a fuel of slightly enriched 
uranium. The first design provides for a plant of a total 
power output of 420 MW (E) in the form of two units, 
each comprising a reactor, with a rated heat capacity of 
760 MW, feeding three turbogenerators of 70 MW. 

The station will supply power in a defined area, and will 
also be connected into the General Power Grid in the 
European part of the U.S.S.R. It is expected that the 
station will begin supply to the grid in 1960. 


Basic Scheme 


Each reactor operates at 100 at and serves six coolant 
loops, each loop incorporating a horizontal heat exchanger, 
a centrifugal glandless circulation pump, hydraulically and 
electrically operated stop valves by which any one of the 
loops can be isolated from the reactor, and the necessary 
pipe ducts cf 550 mm outside diameter. 

The nominal flow of water through the core is 
27,300 m*/h. Inlet water temperature is 250°C, outlet 
water temperature 275°C, and the rate of flow in the pipes 
7.6 m/sec. The pressure drop round a coolant loop is 
4.6 at. 

The coolant entering the reactor vessel passes downwards 
in the gap between the core and the vessel wall, which it 
cools; it then flows upwards through the active zone where it 


Bunching of the main pipe ducts in the primary circuit 
is planned to minimize the volume taken up by equipment 
and pipe lines at the power station. A common drainage 
system for both reactor installations is visualized; it will 
consist of two storage tanks for the hot and the cold 
drainage water and for emptying the circuit. Separate 
make-up supplies to each reactor plant are provided from 
a common sectioned header feeding the make-up pumps. 
Make-up water supplies both to the common part of the 
circuit (during normal operation), and to the separate loops 
(in emergency or start-up conditions) are planned. 

Provision is made for continuous purging of the common 
part of the circuit of each reactor installation; the water 
is by-passed through a special purification plant where it 
passes through an evaporator. 

The secondary circuit steam- and feed-pipes are of con- 
ventional design; two heat exchangers are connected to one 
turbogenerator. There is a common steam manifold which 
is used to take the steam to a dump condenser during 
start-up and cooling of the reactor or of individual loops. 

Purified water for the primary and secondary circuits 
is supplied from a common water pump collector header. 
An emergency purified water supply is provided for 
mechanisms which must be cooled continuously. 


The Reactor Core 


The active volume, 3.0 m dia., and 2.5 m high, is in the 
shape of a hollow basket in which are 349 assemblies con- 
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is heated, and enters the circulation loops. In the heat 
exchanger, the coolant from the primary circuit gives its 
heat to the secondary circuit water. The wet saturated 
steam thus formed is dried in a steam separator located in 
the upper part of the heat exchanger. 

Under normal operating conditions the steam pressure at 
the heat exchanger outlet is 32 at. 
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taining uranium dioxide elements. The fuel elements of 
diameter 10.2 mm with a pitch of 14.3 mm, are spaced 
around the walls of hexagonal canisters and are located in 
position by a number of lattice plates (Fig. 2). 

The canisters are hexagonal zirconium tubes 320 cm 
long by 16.5 cm diameter, and of wall thickness 2 mm. 
These are arranged in the form of a triangular lattice with 
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a pitch of 147 mm. They have cylindrical end pieces by 
means of which they are located in apertures in the basket 
support plate which in turn is carried by an annular shaft. 
For additional protection from vibration, they are also 
fixed in an upper lattice plate which is held in position 
by the sealing cylinder attached to the top of the reactor 
vessel. 
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Fig. 2.—Control rod (left) and fuel element (right). Dimensions 
shown are in millimetres. 


In view of the non-uniform heat generation across the 
core the flow of water through the assemblies is modified 
by means of gags fitted in the base plate. These can be 
finally adjusted after the start-up of the reactor when 
measurements of the neutron flux distribution have been 
made. The fine control rods are located at the centres of 
two of the assemblies. 

Several arrangements of the reactor core are possible. 
The first charge is expected to consist of 17 tonne of 
natural uranium dioxide enriched to 1.5%. Later it is 
proposed to use a composite charge of natural and highly 
enriched fuel. The final arrangement will be decided after 
the reactor has been operating for some time. 


The Reactor Vessel 


The reactor vessel (Fig. 3) is cylindrical, with a diameter 
of 3.8 m and a height of about 12 m; it has a removable 
flat top and an ellipsoidal bottom. The wall thickness 
varies from 10 cm in the lower and middle portions, to 
18 cm in the uppermost highly stressed region. 

The upper part of the vessel has 12 pipe connections of 
nominal diameter 50 cm arranged in two rows, for con- 
necting the six coolant loops, and 12 connections of 
nominal diameter 10 cm for thermocouple outlets. The 
cables for the control system and radiation detectors are 
fitted in the removable top. 
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The internal surface of the reactor vessel is clad with 
stainless steel. The material of the vessel is high strength 
heat-resisting steel with yield point 50 kg/mm? at 325°C, 
which allows a safety factor of 2 in yield point, whilst 
keeping the weight low enough for transportation. The 
weight of the vessel without top is 170 tonne and the total 
weight of the dry reactor 420 tonne. 

It is intended to protect the vessel walls against neutron 
irradiation by means of a steel shield of thickness 40-90 mm 
and a water layer of 200 mm. 

The top is secured to the reactor vessel by bolts 130 mm 
in dia., and sealed by a self-tightening seal using a wedge- 
shaped gasket. 

Water and concrete shielding of the reactor at the level 
of the active zone is to be provided. The water shielding 
will take the form of a water-filled circular tank. The 
thickness of the water layer in this tank is 1 m, that of the 
concrete shield 3 m. 

A water shield in the reactor vault and in the holding 
tank alongside will protect personnel during charging and 
recharging operations. 


Control and Safety System 


The controi of the reactor is effected by replacing fission- 
able material by absorbing material; for this purpose, a 
number of canisters are movable and fitted with absorbing 
end pieces. In addition to the assemblies compensating 
changes in reactivity in the reactor core, six emergency 
shut-down cans are provided. Two absorbing rods are 
provided for fine control. 

The main parameter on which the control of the reactor 
power is based is the mean coolant temperature in the 
reactor—262.5°C. 

A change in the steam supply to compensate load 
changes leads to a variation of the pressure in the heat 
exchangers and of the coolant temperature at the heat 
exchanger outlets. The temperature regulator maintains the 
mean coolant temperature constant by varying the reactor 
power; simultaneously, the steam pressure in the heat 
exchangers increases from 32 at at nominal load, to 50 at 
when the load is reduced to zero. The rate of coolant flow 
remains constant under all operating conditions. Power 
level is maintained with an accuracy of +1% by the 
automatic control system. 

The control elements in the automatic control and safety 
system respond to the following signals: the fine control 
rods to signals from the mean coolant temperature 
indicator; the automatic control rods to signals from the 
“almost in” and “fully in” limit switches for the fine 
regulating rods; the emergency shut-down system to 
signals from ionization chambers, the power level indicator 
(temperature meter) and to signals from the automatic 
protection system. These are operated when the tempera- 
ture in the primary circuit rises above or drops below a 
certain preset value, or the voltage along a supply line 
to the reactor installation drops (power station shut-down). 


Refuelling 


For relcading the fuel canisters the top of the reactor 
is removed; individual canisters, or the whole active zone 
of the reactor, can be unloaded. In either case, reloading 
is carried out under a protective water layer 5 m deep, 
which permits personnel to be present in the central hall of 
the reactor plant. 

After shut-down of the reactor and after it has cooled 
down, the top of the pressure vessel is raised and removed 
to a special compartment in the holding tank. The holding 
tank and the reactor shaft are then filled with water and, 
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Fig. 3.—Part section of reactor pressure vessei. 


with the aid of a special reloading crane, the spent cans are 
discharged into coffins located in the holding tanks and 
new cans are loaded into the reactor. The reactor shaft 
and the holding tanks are emptied, except for some of the 
water necessary for the shielding during storage of the cans 
which remain in the holding tank. The reactor top is then 
replaced and the reactor prepared for start-up. 

Reloading of the whole reactor core is effected by means 
of an overhead electric crane with a lifting capacity of 
125 tonne. 

The fuel canisters removed from the reactor are kept in 
the holding tank for 180 days, and are then moved in 
special containers to the processing plant. According to 
preliminary calculations, the reloading of the reactor core 
by individual cans takes about four days, the reloading of 
the whole core as such, two days. 

The following reloading operations are performed by 
remote control: 

1. Removal of the reactor vessel top to its special com- 
partment in the holding tank, and back after reloading is 
completed. 

2. The removal and repositioning of the sealing cylinder. 

3. The immersion in the holding tank of the coffin 
containing the fuel cans. 

4. The removal and return of the upper lattice plate. 


The Heat Exchangers 


Each heat exchanger is calculated to produce 230 tonne/h 
of dry saturated steam at a nominal pressure of 32 at and a 
feed-water temperature of 192°C. There are six heat 
exchangers installed per reactor (Fig. 4). 

The heat exchanger constitutes a horizontal submerged- 
type evaporator with 21 by 1.5 mm section tubes. These 
are collected into “ two-corridor” bunches of 975 tubes 
each, the tubes being arranged on a 36 mm square pitch; 
the maximum tube length does not exceed 12 m. 

To optimize natural circulation and to reduce the possi- 
bility of local steaming there are five vertical corridors in 
each bunch of pipes which, in addition, is divided into two 
portions horizontally. The tubes are fed into two 
centrally located headers of internal diameter 75 cm. 

The primary coolant enters the inlet header and, passing 
through the heat transfer tubes, heats and vaporizes the 
secondary water in the space between the tubes and up to 
a level of 30-40 cm above that of the topmost row of heat 
transfer tubes. The feed water enters the heat exchanger 
below this level, in the region of the primary coolant inlet 
header. Venetian-blind type steam separators are arranged 
in the upper heat exchanger region. The height of the 
steam volume is 90 cm. The mean volume loading is 
620 m*/m?, h. 

The primary coolant circuit (headers and tube system) 
is of stainless steel. The heat-exchanger vessel is made 
from high-strength low-alloy steel, and designed for a 
working pressure of 50 at. The heat transfer surface per 
heat exchanger, designed with a safety tolerance, is 
1,290 m?*. 


Main Circulation Pumps 


The coolant in the primary circuit is circulated by means 
of single-stage centrifugal glandless pumps; all six pumps 
are connected to the reactor in parallel. Each pump motor 
can be connected to two speeds. The bearings are cooled 
by the circulated water which is directed to the bearings 
through a special cooler with the aid of an impeller 
mounted at the upper end of the pump rotor. Control of, 
and transmission of signals giving information about joint 
condition, bearing wear and bearing temperature, are 
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provided. The bearings are free from radial and axial 
stresses. 

In the case of a power station shut-down it is intended 
that the reactor be cooled by the operation of the main 
pumps on second speed, which makes possible a reduction 
in the storage battery power in the emergency supply 
system. In normal conditions each pump has a capacity 
of 5,250 m*/h at 5 kg/cm? head; pumping capacity on the 
second speed is 1,300 m*/h. 


Auxiliary Equipment and Pipelines 


To enable each coolant loop to be isolated from the 
common circuit, one hydraulically and one electrically 
operated main stop valve are arranged in the direct and 
return portions of the coolant pipeline. 

The main stop valve is a hermetically sealed parallel- 


October, 1957 


The connecting rod between valve and hydraulic control 
is blanked off by a purified water pressure of 115 kg/cm’. 
The valve is held in the open or shut position by a special 
hydraulic locking system. The hydraulically operated 
valve can be shut within 6-7 sec. 

The electrically actuated stop valves are of the wedge 
shutter disc gate type, the discs being pressed against their 
seats mechanically. The joint between valve body and top 
is designed as a flange joint with seal weld, as also is the 
hydraulically operated valve. The valve stem is sealed off 
by a gland-type seal. The drainage from the glands is piped 
away into contaminated condensate dump tanks. The valve 
is actuated by a remotely controlled electric motor, 
although provision is also made for manual operation. The 
shutting and opening time with electric operation is 1.5 min, 
with manual operation 15 min. 
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Fig. 4.—Elevation and sectional plan of heat exchanger. 


disc gate valve, remotely controlled from the central control 
panel. In the closed position, the gate discs are retained 
by means of eight springs arranged between the discs, and 
by a water pressure of 115 kg/cm? in the gap between the 
discs. The nominal gate diameter is 420 mm. The valve 
is welded into a pipeline of 500 mm internal diameter. 


The primary circuit pipeline and auxiliary equipment 
are made of stainless steel. 

The horizontal make-up pump consists of a booster 
pump, a main pump, a gearbox and the electric motor. 
The booster pump runs at 1,450 r.p.m., the main pump at 
7,000 r.p.m. Four make-up pumps are provided for the 


Cc 
two 
for 
los 
to 
sys 
cir 
a 
mc 
Ot 
in 
an 
pr 
du 
op 
wi 
| \_ 
q q — pl 
th 
an 
ia 
re 
r 
| sp 
7 | | : 
wi 
. 
ci 
P 
e 
P 
th 
th 
te 
b 
r 


October, 1957 NUCLEAR ENGINEERING 


two units comprising the power station: one working pump 
for each unit, one reserve pump, and one stand-by pump. 

The purpose of the make-up pumps is to make good the 
losses incurred during purging and ventilating the reactors, 
to ensure the water supply to the hydraulic valve operating 
systems, and to maintain a constant pressure in the primary 
circuit. The make-up pumps of capacity 53 m3/h, develop 
a pressure head of 115 kg/cm? and are operated by electric 
motors developing 360 kW at 1,450 r.p.m. 


Other Auxiliary Equipment 


Pressurizers are provided both in the coolant loops and 
in the common part of the circuit, which allows start-up 
and shut-down of individual loops for a minimum 
pressurizer volume. 

They are used to equalize pressure fluctuations occurring 
due to variations in mean coolant temperature when 
altering the power level and reactivity of the reactor. 

The pressurizers use a nitrogen cushion; their total 
capacity was fixed with a view to preventing coolant 
boiling in the active zone under any conditions of reactor 
operation; it is equal to 39 m? per reactor installation of 
which 70% is gas volume, and 30% water volume. 

To remove the excess heat generated in the active zone 
while preparing for reloading, a special cooling circuit is 
planned which is brought into operation after letting down 
the pressure in the primary circuit to atmospheric pressure 
and isolating all circulating loops from the heat exchangers. 

After unloading the reactor core into the holding tank, 
the cooling circuit heat exchangers are used to remove the 
residual heat generated in the canisters by pumping water 
from the holding tank through these heat exchangers by 
special pumps. 

A stainless-steel heat exchanger and pipe system is used 
for cooling the hot drainage water. 

A system of various blowers and fans is also planned, 
designed to blow active gases and air into special gas 
storage tanks where they will be kept for a time, and 
whence they will then be blown out through the vent stack. 

There will be two separate water preparation systems, 
one of which is intended for purification of the primary 
circuit water, whilst the other prepares the water for 
making up losses in the secondary circuit. 


Purification of Primary Water 


The primary circuit of each reactor installation has a 
volume of 235 m?. The circuit will be charged initially 
with water which has passed through a demineralizing plant 
with capacity of 20 tonne/h installed at the power station. 

To prevent contamination of the fuel element surfaces in 
the core and to maintain the radioactivity of the water at 
some low stable level, a continuously acting purging system 
for the primary circuit water is in operation. 

By this system a certain quantity of the coolant from 
each reactor installation up to 24 m*/h is passed into a 
special purifier where it is evaporated in three-stage 
evaporators (bottom residue 1/300) and then in dish 
evaporators (bottom residue 1/50). Although various other 
purification and vent systems were considered, in particular 
the method based on the use of special ion-exchange filters, 
the multiple evaporation system finally adopted was found 
to be the most dependable. 

From the evaporators, the distilled water is pumped 
back into the primary reactor circuit by the feed pumps, 
whilst the vat residue from the evaporators goes into 
reinforced concrete dumping tanks for storage and holding. 

In addition to the evaporators for purifying the reactor 


Fig. 5.—Artist’s impression of the projected station. 


draining waters, the special water purifying plant will 
contain a number of further evaporating installations: — 

1. An evaporator for purifying the water from the 
holding tanks. The water in the holding tanks, con- 
taminated by the fuel elements during reloading, is drained 
off into underground reinforced concrete active condensate 
tanks. After purification in the evaporator, it is then 
piped into the clean (inactive) condensate tanks whence it 
is pumped back into the holding tanks. The capacity of 
the underground active and inactive condensate tanks was 
calculated with a view to twice emptying and refilling the 
reactor holding tank system (normal operating conditions 
and emergency conditions). 

2. An evaporator for the purification of waste water 
(from the special laundries, from washing the floors and 
walls of the primary circuit locations, from the biological 
shielding tanks, acid solutions after decontaminating equip- 
ment, etc.). The purified water is returned into the primary 
circuit to be re-used repeatedly for the same purposes, and 
the evaporator bottom is collected into concrete tanks for 
prolonged storage. 

3. An evaporator for decontaminating the water from the 
sanitary installations; this water, purified to conform to 
sanitary regulations, is then disposed of through the normal 
drains. 


Water for the Secondary Circuit 


To make up internal losses in the power station and 
losses incurred in the hot-water mains, it is proposed to 
install in a separate building a water purifying plant, of 
the type normally used in thermal electric power stations, 
with a capacity of 170 tonne/h. 

Due to the quality of the river water used, the purifica- 
tion is carried out by coagulation followed by successive 
hydrogen-sodium-cation treatment. 


Disposal of Effluents 


The Health Authorities stipulate that in normal operating 
conditions there must be no radioactive liquid or gaseous 
effluents from nuclear power stations except for the flush- 
water from sanitary installations which, after corresponding 
purification, will be disposed of through the normal sanitary 
drains. 

To eliminate liquid radioactive effluent under any condi- 
tions of operation of the nuclear power station, all primary 
circuit water (purging, decontamination, drainage, etc.) is 
treated in a special purifying plant and returned into the 
primary circuit cycle, whilst the rest is collected in rein- 
forced concrete dump tanks either by natural flow or with 
the help of compressed air. 

There are no gaseous radioactive effluents under normal 
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power-station operating conditions. The radioactive argon 
forming in the vicinity of the reactor is disposed of through 
the vent stack after the elapse of an appropriate storage 
period in special gas holders. 

There will be some dissolution of radicactive gasecus 
fission products in the primary circuit water while 
dismantling the fuel canisters. It is hoped that separation 
of the gases at the highest points in the primary circuit will 
be possible. The evolving gases wiil be blown into special 
waste-gas holding tanks. After holding, the gases will be 
released through the vent when meteorological conditions 
are favourable. 

No treatment of the fuel elements at the power station 
is intended, so that solid effluent will therefore be limited to 
gear and equipment connected with fuel canister transport, 
certain instruments, etc., which will be stored in suitable 
specially pretected premises. 


The Turbo-generatcrs 


In the first design of the 420-MW power station, it is 
proposed to install six 70-MW turbo-generators. 

Each turbine is designed for operation with dry saturated 
steam at 29 at, whilst all turbine stages fall into the wet 
steam region. To ensure permissible steam humidity in the 
last turbine stages, steam separation is planned at a pressure 
of 2.2 at in special venetian-blind type steam separators 
placed between the high- and low-pressure turbine 
cylinders. 

The following further measures are also proposed to 
ensure effective water separation and removal from the high- 
pressure turbine cylinder:— 

{. The cylinder is fitted with four steam outlets for 
regeneration, through which steam is calculated to pass at 
a mean rate of 20-25 m/sec. 

2. In the stages in front of which no steam is bled off 
for regeneration, the diaphragms are fitted with water 
traps. There are eight stages in the high-pressure cylinder, 
and four stages in each circuit in the twin-circuit low- 
pressure cylinder. Beginning from the third stage, stellite 
plates are welded onto the inlet side edges of the turbine 
blades to prevent erosion. 

An extensive regeneration system (6 outlets) is provided 
for each turbine by which the feed water for the heat 
exchangers can be heated to 192°C. 

Deaeration of the water is effected in a stirrer-type 
deaerator at 3.5 at connected to a 5.1 at turbine steam 
outlet. 

For the internal requirements of the power station, as 
well as for space heating and a hot-water supply both for 
the station and the personnel quarters nearby, it is intended 
to branch off steam at a rate up to 10 tonne/h each from the 
5.1 and the 2.2 at turbine steam outlets. 


Technical and Economic Indices 


Estimates showed that in spite of the higher initial capital 
outlay associated with the equipment of the nuclear power 
station, the cost of the electric power generated will be of 
the same order of magnitude as for a conventional coal- 
burning power station of a comparable output and situated 
in the same region. 

The gross efficiency of the nuclear power station is 
27.5%, although this index alone cannot be of decisive 
influence when comparing the cost of the electric power 
generated. 

The electric power consumption for the internal needs 
of the nuclear power station is, according to the present 
project, 7.45%, which is slightly more than that of a large 


October, 1957 


coal-burning station. Some of this larger consumption is 
partly accounted for by the lower efficiency of the gland- 
less-type main pumps in the primary circuit, and by the 
larger cooling water consumption for the condensers due to 
the larger specific steam consumption of the turbines. 

The estimates favouring construction of nuclear power 
stations of the described type appear confirmed by the 
general technical and economic analysis of the results. As 
is apparent, the reactor adopted for this project is of the 
same type, i.e., an ordinary pressurized water reactor, as the 
reactor for the Shippingport nuclear power station, but 
with an appreciably greater thermal power output. 

It is interesting to note that the independent development 
of such reactors in different countries has led to similar 
design solutions. 


Centrale Nucleaire Russe de 420 MW 

Le présent article est basé sur un mémoire délivré a la 
Conférence Mondiale de l’Energie a Belgrade qui s’est tenue 
en juin de cette année. Il décrit une centrale nucléaire de 
420 MW comportant deux réacteurs, chacun d'une puissance 
nominale de 760 MW (chaleur), alimentant trois turbo-générateurs 
de 70 MW. La centrale constitue un des objectifs d’approvision- 
nement du sixiéme Plan Quinquennal pour le développement de 
l'économie nationale de ’'U.R.S.S. et on s’attend a ce que 
Valimentation du réseau électrique national commence en 1960. 

Le réacteur est un réacteur a eau pressurisée a circuit fermé 
alimentant six échangeurs de chaleur horizontaux, la circulation 
étant maintenue par une pompe centrifuge sans couronne dans 
chaque boucle réfrigérante. La température d’admission de 
Peau au noyau est de 250°C, la température de sortie est de 
275°C et la pression est maintenue a environ 100 atmospheres. 
La charge de combustible comprendra au début 17 tonnes de 
bioxyde d’uranium enrichi a 1,5°%, mais par la suite on se propose 
d’employer un combustible composé consistant en uranium naturel 
et uranium fortement enrichi. 


Russisches Atom-Kraftwerk von 420 MW 

Der Aufsatz geht zuriick auf einen Vortrag, der auf der Welt- 
Kraft-Konferenz in Belgrad im Juni dieses Jahres gehalten wurde. 
Er beschreibt ein Atom-Kraftwerk von 420 MW, das mit zwei 
Reaktoren arbeitet, die jeder bis 760 MW (Warme) erzeugen 
konnen und drei Turbinensdétze von 70 MW zur Elektrizitdtser- 
zeugung speisen sollen. Das Werk gehdért zu den Aufgaben, die 
im sechsten Fiinf-Jahre-Plan zur Entwicklung der nationalen 
Wirtschaft in der U.S.S.R. genannt sind; es wird erwartet, dass 
das Werk 1960 mit der Versorgung des Netzes wird beginnen 
kénnen. 

Die Reaktoren sind im geschlossenen Kreislauf arbeitende 
Druckwasser-Reaktoren, von denen sechs horizontale Wédrme- 
Austauscher gespeist werden. Die Zirkulation wird von je einer 


aufrechterhalten. Die Einlass-Temperatur des Wassers im Kern 
ist 250°C., die Austritts-Temperatur ist 275°C., und der 
Druck wird auf ungefahr 100 atm. gehalten. Die eingefiihrte 
Brennstoffmenge soll anfangs 17 t Uranium-Dioxyd angereichert 
auf 1,5% betragen, wahrend fiir spater vorgeschlagen wird, einen 
aus natiirlichem und stark angereichertem Uranium zusammen- 
gesetzten Brennstoff zu verwenden. 


Central de fuerza nuclear Rusa de 420 MW 


Este articulo esta basado en una disertacién leida en la 
Conferencia Mundial de Fuerza de Belgrado celebrada en el 
mes de junio de este aitlo. Describe una central de fuerza nuclear 
de 420 MW con dos reactores cada uno con regimen de 760 MW 
(calor), alimentando tres turbogeneradores de 70 MW. Esta 
central constituye uno de los “blancos” u objetivos en el sexto 
Plan Quinquenal para la evolucion de la economia nacional en la 
U.R.S.S. y se anticipa que el suministro a la red comience en 1960. 

El reactor es un reactor de agua presurizada de circuito, 
cerrado alimentando seis cambiadores horizontales de calor, 
manteniéndose la circulacioén por medio de una bomba centrifuga 
sin casquillo de prensaestopas en cada lazo enfriador. La 
temperatura de admisién del agua al nicleo es de 250° C, y la 
de salida 275° C y la presién se maintene a 100 atmdsferas 
aproximadamente. La carga de combustible inicialmente sera 
de 17 toneladas de didxido de uranio enriquecido al 1,5°%, pero 


natural y de uranio altamente enriquecido. 


stopfbiichsenlosen Kreisel-Pumpe in jedem Kiihlmittel-Umlauf 


mds tarde se propone usar un combustible compuesto de uranio 
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The A.E.C.’s 22nd Semi-annual Report 


HE report which covers the period 

January-June, 1957, is particularly 
valuable because of the appendices which 
are included, those on civilian reactors 
being reproduced here in full. The 
period reviewed is considered to be one 
of particular significance in the history 
of the A.E.C. as a number of reactors 
became critical for the first time including 
the first exclusively civilian power 
production experiment at Argonne. 
Altogether 11 reactors built in the U.S. 
achieved criticality in the first six months 
of 1957, including in addition to EBWR, 
SRE and APPR. At the same time 
construction was begun, major com- 
ponents were ordered or construction 
permits were issued for a total of 22 
reactors in the U.S. These include one 


power reactor experiment, military 
power reactors, two research reactors, 
two testing reactors six critical 


experiments. In the category of new 
reactor plants planned the number totals 
35, of which six research and training 
reactors and one full-scale civilian power 
reactor are for export. 


Fuel Availability 

An additional 59,800 kg of U®® was 
designated for peaceful application, 
bringing the total to 100,000 kg. The 
U5 to be sold or leased will be divided 


equally between users in the U.S. and 
other countries at agreed prices. The 
value of the 100,000 kg is about 


$1,700 million on current costing. 

Production of ore increased steadily, 
and the predicted rate of production 
exceeds 10,800 tons of U,O, per year by 
the end of 1957. By the end of 1958 
annual production should approximate to 
14,000 tons of uranium oxide. 


Element Processing 

Contracts with private reactor opera- 
tors which may extend through June 30, 
1967, are on the basis of operating an 
assumed plant on a standard daily pro- 
cessing charge of $15,300. This is based 
on a capital plant cost of $20.5 million 
handling one ton of natural or slightly 
enriched uranium daily for 300 days per 
year. Prices established for plutonium 
crediting were detailed in Nuclear 
Engineering 2, July, 1957, p. 270. 


Experimental Reactors Development 
The third core of EBR-1 is under 
manufacture at Argonne and the reactor 
should be back in operation later this 
year. The second core was damaged in 
November, 1955, probably as a result of 
element bowing. Mock-ups of several 
full-sized components for EBR-2 and a 


quarter scale model reactor tank were 
operated at Argonne. Current estimates 
of costs total $29.1 million for the con- 
struction of the entire reactor plant 
including an integrated fuel processing 
system. 

The main effort on LAMPRE-I has 
been directed towards developing 
methods of fabricating tantalum, a 
material able to withstand corrosion from 
molten plutonium. Following the shut 
down last December of HRE-2 at Oak 
Ridge caused by chloride induced stress 
corrosion cracking of stainless steel tubing 
in the leak detector system, damaged 


parts are being replaced and criticality 
should be achieved later this year, 

Main effort on LAPRE-2 expected to 
achieve criticality later this year has been 
on development of a corrosion resistant 
heat exchanger following the shut down 
of LAPRE-I caused by leaks in this 
section. 

The commission has expressed a special 
interest in reactors fuelled by natural 
uranium with a heavy water moderator 
and aqueous solutions or slurries of either 
uranium or uranium and thorium bearing 
materials, 


APPENDICES 


NUCLEAR REACTORS BUILT, BUILDING OR PLANNED IN THE 
UNITED STATES AS OF JUNE 30, 1957 


Operated, Bei 
Category later Operated come Planned Total 
dismantled 
A.—High Temperature Power Producing 
Keactors: 
A.1. Full-scale civilian power reactors, United 
States locations .. _ _ 5 17 22 
A.2. Full-scale civilian power reactors, foreign 
locations .. 8 8 
A.3. Civilian power reactor experiments 6 4 4 4 18 
A.4. Full-scale military power reactors ai — 2 16 9 27 
A.5. Military prototypes and experiments, 
unclassified P 3 2 5 1 11 
A.5.(c) Military prototypes and experiments, 
classified (not listed) a 1 2 2 5 
Total, high temperature .. 9 9 32 41 ” 
B.—Low Temperature Reactors (not useful for 
power generation): 
B.1. Research and training reactors, United 
States locations .. 6 18 7 31 62 
B.2. Research and training reactors, , foreign 
locations .. — 2 8 11 21 
B.3. Reactors for general testing a 1 2 2 5 
B.4. Reactors for specialized testing . a 11 5 3 19 
B.5. Critical experiments, unclassified 9 26 11 4 50 
B.5.(c) Critical classified (net 
listed) ‘ — 4 1 1 6 
B.6. Production reactors 13 13 
Total, low  caconis 15 75 34 52 176 
Grand tozal 24 84 66 93 267 


LIST OF ABBREVIATIONS FOR CONTRACTORS IN FOLLOWING TABLES 


AC Allis-Chalmers Manufacturing Co. 
ACF ACF Industries, Inc. 
AG Aerojet-General Corp. or  Aerojet- 


General Nucleonics. 


Alco Alco Products, Inc. 

AME AMF Atomics, Inc., a subsidiary of 
American Machine and Foundry Co. 

ANL Argonne National Laboratory, operated 
by the University of Chicago. 

ARSS American Radiator and Standard 
Sanitary Corp. 

B&W Babcock and Wilcox Co., The 

BAC Bendix Aviation Corp. 

BNL Brookhaven National Laboratory, orer- 
ated by Associated Universities, Inc. 

CE Combustion Engineering, Inc. 

CL Clinton Laboratory of Manhattan 
Engineer District. 

Convair Consolidated Vultee Aircraft Corp. 

Daystrom Daystrom, Inc. 


DuPont E. I. DuPont de Nemours & Co. 
FW Foster Wheeler Corp. 
GDC General Atomic Division of General 


Dynamics Corp. 


GE General Electric Co. 

GNE General Nuclear Engineering Co. 

HKF H. K. Ferguson Co:, The 

IP Isotope Products, Inc. 

KE Kaiser Engineers, Division of Henry J. 
Kaiser Co. 

LASIL Los Alamos Scientific Laboratory, oper- 


ated by University of California. 


Lockheed Lockheed Aircraft Corp. 


Martin Martin Co., The 

Met. Lab. Metallurgical Laboratory of Manhattan 
Engineer District. 

NAA Atomics International, a Division of 
North American Aviation, Inc. 

NACA National Advisory Committee for 
Aeronautics. 

NRL Naval Research Laboratory. 

NDA Nuclear Development Corp. of America. 

ORNL Oak Ridge National Laboratory, oper- 
ated by Union Carbide Nuclear Co., 
a division of Union Carbide Corp. 

PPC Phillips Petroleum Co. 

P&W Pratt and Whitney Aircraft Division, 
United Aircraft Corp. 

West Westinghouse Electric Corp. 
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A.—HIGH-TEMPERATURE POWER-PRODUCING REACTORS 
A.1.—Full Scale Civilian Power Reactors, U.S. Locations 
Power 
Principal 
Name and/or owner Location Type Startup 
Being built: 
General Electric Co. and Pacific Gas and Electric Co. Pleasanton, Calif. G.E Boiling water 5,000 1957 
Pressurized Water Reactor (A.E.C. and Duquesne — Co. >) Shippingport, Pa. West Pressurized water 60,000 1957 
Commonwealth Edison Co., et al. ee Near Joliet, Ill. G.E. Boiling water ,000 1960 
Consolidated Edison Co. of New York’ Indian Point, N.Y. B. and W. Pressurized water 275,000 1960 
Power Reactor Development Co., Inc.? Monroe, Mich. Owner Fast breeder .. 100,000 1960 
Planned: 
Rural Cooperative Power Association® * Elk River, Minn. A.M.F. Boiling water 22,000 1959 
Yankee Atomic Electric Co.” . : Rowe, Mass. . West. Pressurized water 134,000 1960 
Wolverine Electric Cooperative® * Hersey, Mich. .. F.W. s 10,000 1961 
Consumers Public Power District? Beatrice, Nebr. N.A.A. Pa graphite aie 75,000 1962 
Florida Nuclear Power Group’*.. Florida .. G.N.E. Gas-cooled, ee moderated 136,000 1962 
Northern States Power Co., et al.* Minnesota . ice A.C. Boiling water 66,000 1962 
Pennsylvania Power and Light Co. Eastern Pennsylvania ate West. Aq 4 150,000 1962 
West Penn. Group, Reactor No. 1 Ohio Valley —_ _ 13,000 1962 
New England Electric System .. New England .. —_ _ 200,000 1964 
West Penn. Group, Reactor No. 2 Ohio Valley — — 00,000 1965 
Carolinas-Virginia Nuclear Power Associates, Inc. 10-30,000 
Chugach Electric Association, Inc., and Nuclear ar Development 
Corp. of America® Anchorage, Alaska N.D.A. Sodium, heavy water 10,000 _ 
Pacific Gas and Electric Co. California 
City of Piqua, Ohio® Piqua, Ohio N.A.A. Organic moderated .. 12,500 a 
A.E.C. and Puerto Rico Water Resources Authority Puerto Rico 15-20, 
Merchant Ship Reactor (A.E.C ‘ Shipboard B. and W Pressurized water 20,000 S.H.P. 1960 
Isotope Products, Inc® .. — LP. Boiling water No elec 1958 
A.2.—Full-scale Civilian Power Reactors, Foreign Locations 
Planned: 
Belgium (Syndicat d’Etude de l’Energie Nucleaire—S.E.E.N. ) Mol West. Pressurized water 11,500 1959 
Brazil (American and Foreign Power Co.)* — G.E. Boiling water 10,000 
Cuba (American and Foreign Power Co.)* _ G.E. Boiling water 10,000 _ 
Dominican Republic, Government of’... = Martin Pressurized water 12,000 
Italy (Edisonvolta)’ “ Milan West. Pressurized water 134,000 1961 
Mexico (American and Foreign Power. Co. ee — N.A.A Organic moderated .. 10,000 — 
Philippines (General Public Utilities Manila .. Pressurized water 60,000 
Peru, Government of ‘ Near Lima B. and W Pressurized water 21,000 a 
A.3.—Civilian Power Reactor Experiments 
Name (all owned by A.E.C.) Designation Location Principal Type Psa Startup Dis- 
contractor kilowatts) mantled 
Operated, later dismantled: 
Boiling Reactor Experiment No. 1 BORAX-1 .. | N.R.T.S., Idaho A.N.L. Boiling water No elec. 1953 1954 
Boiling Reactor vacgeeensel No. 2 (modified to 
BORAX- 7 % .. | BORAX-2 .. | N.R.T.S., Idaho A.N.L. Boiling water No elec. 1954 1955 
Los Alamos Fast Breeder Clementine.. | Los Alamos, N. Mex... L.A.S.L. Liquid metal ce No elec. 1946 1953 
Homogeneous Reactor Experiment No. 1 HRE-1 Oak Ridge, Tenn. O.R.N.L. | Aqueous homogeneous .. 140 1952 1954 
Boiling ee Experiment No. 3 (modified 
to BORAX BORAX-3 .. | N.R.T.S., Idaho ea A.N.L. Boiling water 3,400 1955 1956 
Pca Alamos sadn Reactor Experiment No. 1 | LAPRE-1 Los Alamos, N. Mex. .. L.A.S.L. Aq h g No elec. 1956 1957 
perated: 
Experimental Breeder Reactor No.1.. EBR-1 N.R.T.S., Idaho A.N.L. Fast breeder 200 1951 _ 
Experimental Boiling Water Reactor .. EBWR Lemont, Ill... A.N.L. Boiling water 5,000 1956 — 
Boiling Reactor Experiment No. 4 BORAX-4 N.R.T.S., Idaho A.N.L. Boiling water... 2,400 1956 —_ 
ange Reactor Experiment Bees Santa Susana, Calif. N.A.A. Sodium graphite .. 6,500 1957 — 
Being built: 
Organic Moderated Reactor Experiment OMRE N.R.T.S., Idaho N.A.A. Organic moderated No elec. 1957 — 
Homogeneous Reactor Experiment No. 2 HRE-2 Oak Ridge, Tenn. oe O.R.N.L. | Aq h g (00-1 ,000 1957 — 
Los Alamos Power Reactor Experiment No. 2 | LAPRE-2 Los Alamos, N. Mex. . . L.A.S.L. Aq h g No elec. 1957 _ 
Los Alamos Molten Plutonium Reactor Experi- 
y ment No. 1 ne sn .. | LAMPRE-1.. | Los Alamos, N. Mex. .. L.A.S.L. Fast molten plutonium .. No elec. 1958 — 
lanned: 
Experimental Breeder Reactor No. 2.. EBR-2 N.R.T.S., Idaho A.N.L. Fast breeder 20,000 1959 — 
Liquid Metal Fuel Reactor Experiment LMFRE a B. and W. | Liquid metal No elec. _ — 
Argonne Boiling Reactor Facility ARBOR N.R.T.S., Idaho — Boiling water No elec. — —_ 
Plutonium Recycle Reactor PURR Hanford, Wash. G.E Heavy water No elec. — a 
FOOTNOTES FOR TABLES ON PAGES 438-440. 
' Of total capacity shown, 163,000 kW will be nuclear and 112,000 kW oil-fired and development under Power Demonstration Reactor Programme. Contract 
superheat. under negotiation with Chugach and N.D.A. for later phases of the project. 
2? Contract awarded by Commission under Power Demonstration Reactor * Submitted under Power Demonstration Reactor Programme. 
: Contract awarded by Commission under Maritime Reactors Programme. 
Approved as a basis for Commission contract negotiations under Power * Reactor designed for production of process steam and cobalt 60. 
Demonstration Reactor Programme. Bil yi 
ateral agreements fo: = t 
* About 20 per cent. of total capacity shown will be non-nuclear. not 
* Contract signed with Nuclear Development Corp. of America for research *° To be located in Alaska. Alco is principal contractor. 
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B._LOW-TEMPERATURE REACTORS (NOT USEFUL FOR POWER GENERATION) 


B.1.—Research and Training R s, U.S. L 
Name and/or owner Designation Location ecnivinice Type Startup asalied 
Operated, later dismantled: 
Chicago Pile 1 ae Eng. District) . CP-1 Chicago, Ill. Met. Lab. | Graphite 1942 1943 
Chicago Pile 2 (A.E CP-2 Lemont, Ill. Met. Lab. | Graphite 1943 1954 
Argonne CP-3, pera as CP-3’ (A. E.c. ys CP-3 Lemont, Ill. Met. Lab. | Heavy water .. 1944 1950 
Argonne CP-3' (A.E.C.) CP-3' Lemont, Ill. = A.N.L Heavy water .. 1950 1955 
Low Power Water Boiler, rebuilt as HYPO (A.E C) LOPO Los Alamos, N.M. L.A.S.L Homogeneous 1944 1944 
“ High _ Water Boiler, rebuilt as SUPO (A.E.C.) HYPO Los Alamos, N.M. L.A.S Homogeneous 1944 1950 
perated: 
Oak Ridge X-10 Area Reactor (A.E.C.) X-10-100 Oak Ridge, Tenn. fa & Graphite 1943 — 
Brookhaven Research Reactor (A.E.C.) Brookhaven Lab. H.K.F. Graphite 1950 _ 
Low Intensity Test Reactor (A.E.C.) LITR Oak Ridge, Tenn. O.R.N.L. | Tank .. es 1950 — 
Super Power Water Boiler (A.E.C.) SUPO Los Alamos, N.M. L.A.S.L. Homogeneous 1951 _ 
North _ Aviation Water Boiler Neutron. Source 
(A.E WBNS Van Nuys, Calif. .. N.A.A. Homogeneous 1952 —_ 
Water Boiler (A. E. LIWB Livermore, Calif. N.A.A. Homogeneous 1953 
North Carolina State College (Raleigh Research Reactor)" RRR Raleigh, N.C. Owner Homogeneous 1957 — 
Argonne Research Reactor (A.E.C.) CP-5 Lemont, Ill. A.N.L. Heavy water .. 1954 _ 
Pennsylvania State University : — Univ. Park, Pa. .. Owner Pool <n 1955 _ 
U.S. Naval Post Graduate School"? AGN-201-100 .. | Monterey, Calif. .. AG. Homogeneous solid .. 1956 —_ 
Catholic University of America™® AGN-201-101 .. | Washington, D.C. A.G. Homogeneous solid .. 1957 —_ 
Oklahoma A. and M. College’? AGN-201-102 .. | Stillwater, Okla. .. A.G. Homogeneous solid .. 1957 _ 
Aerojet-General Corporation AGN-201-103 San Ramon, Calif. AG. Homogeneous solid .. 1957 — 
Armour Research Foundation _ Chicago, Ill. N.A.A. Homogeneous 1956 — 
Battelle Memorial Institute . . West Jefferson, Ohio A.M.F. Pool 1956 
Naval Research Laboratory (U.S.N. ) _ Washington, D.C. N.R.L. Pool 1956 — 
Omega West Reactor (A.E.C.) . OwrR Los Alamos, N.M. L.A.S.L. Tank .. 1956 —_ 
Argonne Naught Power Reactor Argonaut Lemont, Ill. ar A.N.L. Graphite/water 1957 _ 
Being built: 
Livermore Pool Type Reactor (A.E.C.) LPTR Livermore, Calif. FLW. Pool 1957 _ 
Oak Ridge Research Reactor (A.E.C.) ORR ‘ Oak Ridge, Tenn. O.R.N.L. | Tank 1957 —_ 
Brookhaven Medical Reactor (A.E.C.) a Brookhaven Lab. Daystrom | Tank 1957 _ 
University of Michigan a Ann Arbor, Mich. B. and W. | Pool 1957 _ 
Massachusetts Institute of Technology MITR Cambridge, Mass. A.C.F. Heavy water .. 1959 _ 
Industrial Research Laboratories, Inc. — Plainsboro, NJ. .. A.M.F Pool .. 1958 — 
Curtiss-Wright Corporation — Quehanna, Pa. Daystrom | Pool 1957 —_ 
Planned: 
Aerojet-General (12 reactors)'* AGN-201 San Ramon, Calif. A.G. Homogeneous solid .. = — 
195) 
University of Utah’® .. AGN-201 Salt Lake City, Utah AG. Homogeneous solid .. 1957 — 
Texas A. and M. College'* AGN-201 College Station, Texas .. AG. Homogeneous solid .. 1957 _ 
University of California'® AGN-201 Berkeley, Calif. AG. Homogeneous solid .. 1957 — 
Colorado State University'® AGN-201 Fort Collins, Colo. AG. Homogeneous solid .. 1957 _ 
National Naval Medical Center'* AGN-201M Bethesda, Md. F AG. Homogeneous solid .. 1957 _— 
Dow Chemical Co." Midland, Mich. .. Liquid metal .. 1958 
University of California at Los Angeles Medical Reactor’ — Los Angeles, Calif. N.A.A. Homogeneous — —_ 
State College of Washington'* a _ Pullman, Wash. . G.E. Pool .. 1958 — 
Daystrom Nuclear Division of Daystrom, Inc. West Caldwell, N. ‘1. Daystrom Graphite/water 1957 
Stanford Research Institute .. Palo Alto, Calif. 
University of Buffalo'* Buffalo, N.Y. A.M.F. Pool 1958 
Watertown Arsenal** Watertown, Mass. Pool 1959 
University of Virginia'* Charlottesville, Va. Pool 1958 
Union Carbide Nuclear Company'* — Orange County. N.Y. A.M.F Pool 1958 on 
American Radiator and Standard ae Corp. — Redwood City, Calif. A.R.S.S Graphite/water 1957 — 
Atomics International'* _ Canoga Park, Calif. N.A.A Homogeneous 1957 _ 
University of Florida — Gainesville, Fla. .. Owner Graphite/water 1958 — 
University of Oklahoma _ Norman, Okla. N.A.A Homogeneous 1958 — 
Rice Institute .. Houston, Tex. N.A.A Homogeneous 1958 
B.2.—Research and Training Reactors, Foreign Locations 
Principal Dis- 
Owner Location Type Startup 
Operated: 
Switzerland, Government of!# Wuerenlingen O.R.N.L Pool 1955 
Netherlands, Government of (International Exhibit) Amsterdam A.M.F Pool 1957 _ 
Being built: 
Brazil, Government of (University of Sao Paulo) . Sao Paulo .. B. and W. | Pool 1957 _— 
Denmark, Government of (Atomic Energy Commission) — Risoe FLW. Tank 1957 <a 
Denmark, Government of (Atomic Energy Commission) Risoe Z N.A.A Homogeneous 1957 —_ 
Germany, Federal Republic of (Farbwerke Hoechst, AG) Frankfurt .. N.A.A Homogeneous 1957 _ 
Germany, Federal Republic of (Society for the Utilization of Nuclear r Energy 
in Shipbuilding and Navigation, Inc.) .. Hamburg .. B. and W. | Pool 1957 _ 
Germany, Federal Republic of (Technische Hochschule Muenchen) Munich A.M.F. Pool e 1957 —_ 
Italy, Government of (National Committee for Nuclear Research) Ispra - A.C.F Heavy water .. 1958 _ 
Japan, Government of (Atomic Energy Research Institute) Tokai-mura N.A.A Homogeneous 1957 _— 
Planned: 
Argentina, Government of Buenos Aires 
Canada (McMaster University) Hamilton, Onc. A.M.F. Pool _ 
Greece, Government of (Atomic Energy Commission)" oa Near Athens A.M.F. Pool 1958 — 
Italy (Societe Ricerche impienti Nucleari) . — A.M.F. Pool - _ 
Japan, Government of (Atomic Energy Research Institute) Tokai-mura A.M.F. Heavy water .. 1958 a 
Netherlands, Government of (Reactor Centre)'’ Petten A.C.F. 
Spain, Government of (Junta de Energia Nuclear)'’ Near Madrid G.E. Pool — _ 
Sweden (Aktiebolaget Atomenergi) Studsvik AGP. Tank ae 
Venezuela, Government of (Institute for Neurology and Brain Research) Near Caracas G.E. Tank 1958 _ 
West Berlin, Senate of Land Berlin (Institute for Nuclear Research)® '’ West Berlin N.A.A. Homogeneous 1957 —_ 


"' Classified information. 
"2 Original 10 kW reactor was started up in 195 


'3 These three reactors were operated under 
Transfer to the listed institution has been made 
is expected in the other cases. 


was reactivated with 500 kW core in March, 1957. A second reactor which at 
first will use the same instrumentation is now planned. 


'* Licence application received by Commission. 


FOOTNOTES FOR TABLES ON PAGES 438-440. 


3 and dismantled in 1955. Reactor reactors. 


licence to Aerojet-General Corp. 
in the case of AGN-201-100, and 


*S Licence application received by Commission from Aerojet-General for these 


'® Geneva Conference Reactor which is being rebuilt at Wuerenlingen. 
'’ Export licence application received by Commission. 
*® Started up at Knolls Atomic Power Laboratory, Schenectady, N.Y., in 1951. 
Relocated at Hanford in 1955. 
'® Critical experiments at Los Alamos and other weapons sites not included. 
2° Formerly located at Sacondago, 
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Name and/or owner Designation Location Ptroncdl Type Startup a 
Operated: 
Materials Testing Reactor (A.E.C.) MTR N.R.T.S., Idaho Fluor Tank 1952 — 
Being built: 
Engineering Test Reactor (A.E.C.) ETR N.R.T.S., Idaho K.E. Tank 1957 — 
Westinghouse Testing Reactor .. WTR Waltz Mill, Pa. Owner Tank a _ 
Planned: 

National Advisory Committee for Aeronautics'* NACA-TR .. Sandusky, Ohio N.A.C.A. | Tank 1959 _ 
General Electric Co. Materials Testing Reactor GETR ee Pleasanton, Calif. Owner Tank 1958 — 
B.4.—Reactors for Specialized Testing 

Operated: 
Savannah River Test Pile 305 (A.E.C.) .. SR-305 Savannah River Du Pont | Graphite 1953 — 
Hanford 305 Test Reactor (A.E. oe oan hie HEW-305 Hanford, Wash. Du Pont | Graphite 1944 — 
Process Development Pile (A.E.C.) PDP Savannah River Du Pont | Heavy water 1953 — 
45’ Thermal Test Reactor (A.E.C.) SP Savannah River Du Pont Graphite 1953 — 
Thermal Test Reactor (A.E.C.)*® ‘ TTR Hanford, Wash. G.E. Graphite 1951 —_ 
Bulk Shield Test Facility (A.E.C.) ; BSTF Oak Ridge, Tenn. O.R.N.L. | Pool 1950 _ 
Tower Shielding Facility Reactor No. 1 a. E. Cc: ) .. | TSFR-1 Oak Ridge, Tenn. O.R.N.L Tank 1954 — 
Special Power Excursion Reactor Test No. 1 (A.E.C.) | SPERT-1 N.R.T.S., Idaho P.P.C. Tank * 1955 _ 
Kinetic Experiment on Water Boilers No. 1 (A.E.C.) | KEWB-1 Santa Susana, Calif. .. N.A.A Homogeneous 1956 — 
Ground Test Reactor (U.S.A.F.) GTR Fort Worth, Texas .. Convair Pool eat 1953 — 
Aircraft Shield Test Reactor (U.S.A.F. ee ASTR Fort Worth, Texas .. Convair — 1954 — 

Being built: 
Special Power Excursion Reactor Test No. 2 (A.E.C.) | SPERT-2 N.R.T.S., Idaho P.P.C Pressurized water.. 1958 —_— 
Special Power Excursion Reactor Test No. 3 (A.E.C.) | SPERT-3 N.R.T.S., Idaho P.P.C. Pressurized water... 1958 — 
Nuclear Engineering Test Reactor (U.S.A.F.) . Dayton, Ohio A.C.F. Pool 1958 
Kinetic Experiment on Water Boilers No. 2 (A. E.C.) | KEWB-2 Santa Susana, Calif. .. N.A.A Homogeneous 1958 — 
Radiation Effects Reactor (U.S.A.F Fs RERL Marietta, Ga. Lockheed | Pool ae 1958 _ 

Planned: 
Food Irradiation Reactor (A.E.C.) FIR .. Stockton, Calif. —_— Pressurized water.. 1959 — 
Shielding Experiment Facility Reactor (A. E. 2) SEFR N.R.T.S., Idaho G.E. _ — 
Tower Shielding Facility Reactor No. 2 (A.E.C.) TSFR-2 Oak Ridge, Tenn. O.R.N.L Tank 1958 _ 

B.5.—Critical Experiments'’ 

Operated, later dismantled: 
Zero Power Reactor No. 1 (A.E.C.) ZPR-1 Lemont, Ill. A.N.L Light water 1950 1953 
Zero Power Reactor No. 2 (A.E.C.) ZPR-2 Lemont, Ill. A.N.L Heavy water 1952 1955 
Zero Power Reactor No. 4 (A.E.C.) ZPR-4 Lemont, Ill... A.N.L. Light water 1953 1956 
Army Package Power Reactor Critical (a. Ee: Cc! ) APPR-OR Oak Ridge, Tenn. O.R.N.L Pressurized water. 1955 1956 
X-10 Critical i X-10-200 Oak Ridge, Tenn. O.R.N.L Homogeneous 1946 1948 
Spare Plate Critical Assembly (Al EWC: a SPCA Pittsburgh, Pa. West. Light water — 1956 
Test Reactor Assembly—2 TRA-2 Cincinnati, Ohio — _ —_ _ 
Test Reactor Assembly—3 TRA-3 Cincinnati, Ohio 
Danger Coefficient Test Facility (A. E.C. ) DCTF Pittsburgh, Pa. West Homogeneous 1953 1957 

Operated: 
Zero Power Reactor No. 3 (A.E.C.) ZPR-3 N.R.T.S., Idaho A.N.L. _ 1955 _ 
O.R.N.L. Critical Experiment Facility No. 1 (A.E.C.) | ORNL-1 Oak Ridge, Tenn. O.R.N.L. _ 1950 —_ 
O.R.N.L. Critical Experiment Facility No. 2 (A.E.C.) | ORNL-2 Oak Ridge, Tenn. O.R.N.L. _ 1950 — 
Fast Exponential Experiment (A.E.C.) . FEE... Lemont, Ill A.N.L. — 1954 
Physical Constants Test Reactor (AE.C.) PCTR Hanford, Wash. G.E. Graphite 1955 _ 
PWR Flexible “ers “prea (A.E.C.) PWR-FA Pittsburgh, Pa. West Light water 1954 _ 
PWR Mockup (A. PWR-Mockup Pittsburgh, Pa. West Light water 1954 _ 
Two Region (A. E-C. TRX Pittsburgh, Pa. West Light water 1953 
Preliminary Pile Assembly (A.E.C.)?° .. PPA Schenectady, N.Y. G.E. Plastic 1948 — 
SAR Flexible Plastic Reactor (A.E.C.) . rR. Schenectady, N.Y. G.E. Plastic 1955 _ 
Flexible Critical Experiment (A.E.C.) . $1C-FC Windsor, Conn. C.E. Plastic 1956 —_ 
Evendale Critical Experiment Facility No. 1 (U. S.A. F. +) GEANP-1 Evendale, Ohio G.E. Plastic si ‘i 
APPR Zero Power Facility oe APPR-s Schenectady, N.Y. Alco Pressurized water. 1956 — 
Reactivity Measurement Facility (A E. Cc ) RMF N.R.T.S., Idaho PAL. Light water 1954 — 
Zero Power Reactor No. 5 (A. ZPR-5 e Lemont, lll... A.N.L. Light water 1956 _ 
Evendale Critical Experiment Facility No. 2 (U. S.A.F. ) GEANP-2 .. Evendale, Ohio G.E. — 1957 _ 
Babcock and Wilcox Co. sis — Lynchburg, Va. B. and W — 1957 = 
S3W/S4W Flexible Critical Assembly “and Clean .. 

Critical Assembly (A.E.C. .. | SFR-FA-FC Pittsburgh, Pa. West Light water 1954 — 
SSW Flexible Critical Assembly (A. E.C Cc) SSW-FA . Pittsburgh, Pa. West Light water 1956 — 
A1W Core No. 1 Flexible Critical Assembly and 

Mockup (A.E.C.) A1W-FA and Mockup-1 .. | Pittsburgh, Pa. West Light water 1956 — 
A1iW Core No.2 Flexible Critical and Mockup (A. E. a ) A1W-FA and Mockup-2.. | Pittsburgh, Pa. West Light water 1957 — 
Plastic Mockup Assembly (A.E.C.) .. | PMA ‘ ye .. | Schenectady, N.Y. G.E. Plastic 1954 —_ 
Advanced Test Reactor (SAR Critical) as E.C. ) ATR : Schenectady, N.Y. G.E. Light water 1954 _ 
$1C Advanced Critical Experiment (A.E.C.) . $1C-AC ‘ Windsor, Conn. C.E. Light water 1956 — 
Production Test Facility (A.E.C.) PTF... i Pittsburgh, Pa. West. Light water 1956 _ 

Critical Experiment Facility Upton, L. |. B.N.L Light water 1956 
eing built: 
CANEL Nuclear Physics Lab. (U.S.A.F. ) CANEL-1 .. Middletown, Conn. .. | P. and W _ 1957 — 
Battelle Memorial Institute BMI-CX West Jefferson, Ohio 1957 
General Electric Co. _ Pleasanton, Calif. G.E. _ 1957 _ 
Nuclear Development Corp. of ‘America NDA-CX .. Pawling, N.Y. N.D.A. — 1957 — 
Low Power Test Facility (A.E.C.) : LPTF A N.R.T.S., Idaho G.E — 1958 _ 
Lockheed Aircraft Co. .. Palo Alto, Calif. 1957 
Zero Power Facility (Martin Co.) = Middle River, Md. Martin Pressurized water.. | 1957 a 
APPR Critical Experiment Facility (Martin Co.) ie _ Middle River, Md. Martin Pressurized water.. 1957 — 
General Atomic Division of General ae Corp. _ San Diego, Calif. G.D.C _ 1957 — 
Proof Test Reactor (SAR Critical) (A.E PTR Schenectady, N.Y. G.E. Light water 1958 nis 
Assembly (DIG Critical) CWA Schenectady, N.Y. G.E. Light water 1957 
anne 
Zero Power Reactor No. 6 (A.E.C.) ZPR-6 Lemont, Ill. A.N.L. 
Babcock and Wilcox Facility Addition'* _ Lynchburg, Va. B. and W. aa, 1957 <i 
High Temperature Test Facility . HTTF : Pittsburgh, Pa. West. Light water 1957 — 
Westinghouse Electric Corp. oe Waltz Mill, Pa. Owner 
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Technical Papers and Publications 


Graphite in Nuclear Power Industry 


(Session 5 of the Graphite Symposium organized by the Society of Chemical Industry) 


At the time of going to press, not all of the papers were available and these 

will be reviewed in a later issue. In addition to those directly discussed here, 

a number of valuable papers will be presented at the conference which have 

either a direct application to nuclear engineering or form a useful background 
to a general understanding of graphite and its properties. 


Some Physical Properties of Graphite as 
Affected by High Temperature and 
Irradiation. By John E. Hove 
(Atomics International). 


The paper opens with a review of the 
properties of graphite beginning with the 
mechanical strength characteristics. 
Unlike other materials, graphite shows an 
appreciable increase in the elastic moduli 
with temperature, a phenomenon not 
readily explained. Neutron irradiation 
causes both the Young’s modulus and the 
c-spacing to increase and the modulus 
change per unit c-spacing change for the 
two entirely different influences (radia- 
tion damage and temperature increase) 
can be calculated and. are found to be 
nearly the same. This calculation is 
somewhat uncertain because modulus 
and c-spacing studies have not been made 
on the same sample and possible altera- 


tions of irradiation conditions could 
cause an appreciable error, mainly 
because the modulus increases very 


rapidly with flux. It is possible, in a 
qualitative fashion, to formulate a simple 
model whereby thermal expansion closes 
up some of the void space and locks the 
crystallites together more tightly to 
cause the elastic modulus to increase. 

An important aspect of the good 
resistance of graphite to thermal shock 
is its relatively high thermal conductivity 
at high temperatures. Beryllium oxide 
is one of the few comparable substances 
although its conductivity decreases more 
rapidly with temperature. 

Because of the high temperature (about 
3,600°) to which graphite remains solid, 
there have been very few studies made 
of the physical properties of the material 
over the entire range of potential useful- 
ness. One of the purposes of the paper 
is to review the results of a recently 
declassified study of the specific heat, 
thermal expansion, thermal conductivity 
and electrical conductivity up to the 
destruction temperature of graphite. 

Another aspect discussed concerns 
radiation annealing. The thermal expan- 
sion, specific heat, thermal conductivity 
and electrical resistivity have been 
measured in the temperature range from 
1,000° to about 3,600° for several types 
of graphite. Two types of furnace were 
used, a tube furnace for the first two and 


the last and a radial-flow helix heater 
for the thermal conductivity measure- 
ments. The apparatus is described in 
detail together with problems that arose 
during operation. One of these con- 
cerned the high thermionic current across 
the argon blanket shorting the specimen 


to the heater tube. Replacement by 
helium reduced this to a_ workable 
margin. 


The helical furnace was of practical 
use only up to temperatures of 2,800°K 
and a different method was employed for 
higher temperatures incorporating a 
specific heat-type sample in a_ tube 
furnace. Experimental results are repro- 
duced for four types of commercial 
graphite. 

The specific heat curves are analysed 
and appear to indicate that the vacancy 
migration energy must be small. This 
is considered to be a surprising result 
and no explanation is offered for the 
anomaly. Thermal conductivity shows a 
strong decrease at about the same 
temperature as observed for the sharp 
increase in specific heat. 

The paper concludes with a discussion 
of the characteristic known to reactor 
engineers, whereby graphite radiation 
damage at high temperatures is much less 
severe than would be indicated by irradia- 
tion at a lower temperature followed by 
thermal annealing at a higher tempera- 
ture. A fairly high irradiation at about 
400° produces a change in the thermal 
conductivity which is less by a factor of 
10 or more than would be expected from 
the thermal annealing effect alone. 


Problémes Posées Par La Fabrication du 
Graphite Nucléaire, P. Cornault and 
H. des Rochettes (Société Pechiney, 
Paris). 


There are three possible approaches to 
the production of graphite of the required 
purity. The first relies on the purification 
of raw materials, the second on purifica- 
tion of ordinary graphite and the third 
depends upon the purification treatment 
during the graphitization process. The 
third system has been selected as the 
most satisfactory, purification depending 
upon the treatment at high temperature 
by halogen vapours satisfactory 
results have been obtained with industrial 


coke and commercial pitch. In the 
manufacturing process the coke is 
broken, screened and a paste made of 
77 parts coke per 23 parts pitch at a 
temperature of 150°C. The mixture is 
formed into blocks at about 100°C. The 
furnaces employed for the graphitization 
are of the Acheson type as used for 
ordinary graphite manufacture, but 
special loading techniques are demanded. 
As with the normal furnaces, individual 
blocks are separated by a resistor coke 
in which the bulk of the heat is generated. 
Particular care must be taken to ensure 
that during the graphitization process and 
subsequent cooling, further contamina- 
tion is not introduced. It is important 
also to regulate the particle size of the 
coke and ensure that the thermal insula- 
tion material surrounding the furnace is 
not raised to too high a temperature 

In addition care must be taken in 
placing the shield of carbonaceous 
material separating the resistor from the 
thermal installation which surrounds it. 
Beds of very fine petroleum coke gran- 
ules are suitable. 

The system of purification employed on 
an industrial scale is similar to that 
developed in laboratories, the halogen 
being in the form of either organic or 
mineral compound, greatest use having 
been made of sodium fluoride. This is 
placed in horizontal beds over and above 
the blocks and some 200 cm away. The 
separation results in a slower rise in 
temperature of the additive than in the 
blocks and ensures that vaporization does 
not take place until the temperature of 
the blocks is at least 2,600°C. 

Careful control of the furnace is neces- 
sary and regular optical pyrometric 
readings are taken by means of a tube 
insertion which is discussed in detail. 

Industrial graphite prepared without 
any special precautions but using coke 
with a small ash content has a capture 
cross-section of about 4.4 mbarns. 
Industrial graphite prepared similarly but 
using a screen between the resistor and 
the thermal installation gives a capture 
cross-section of 4.2 to 4.3  mbarns; 
graphite produced by the method des- 
cribed produces a product where >=3.6 
to 3.7 mbarns. This makes allowance for 
absorbed nitrogen. Detailed analysis in 


the final product leads to a cross-section 
for carbon of 3.2+0.2 mbarns which is in 
good agreement with the literature. 

Of considerable significance in nuclear 
work is the density of the final product 
and a series of experiments is discussed 
which were undertaken to determine the 
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influence of the various parameters upon 
this property. Of two petroleum cokes, 
the one of greater density but containing 
a greater ash and sulphur content yielded 
blocks which showed a lower final den- 
sity than graphite made from the less 
dense raw material. It is believed that 
the less contaminated coke was capable 
of greater contraction on graphitization. 
It should be noticed that the greater 
density coke gave a final graphite of 
somewhat greater strength than the 
other coke. 

It would appear that the smaller the 
quantity of pitch necessary to produce 
a workable paste, the greater the final 
density but this introduces moulding 
complications. Similarly the smaller 
the quantity of oil used during extrusion 
the better the resultant density. On the 
other hand impregnation of the product 
with pitch immediately prior to graphit- 
ization gives a higher-density product 
and a further increase can be obtained 
by a second treatment. 

Other aspects of the process are dis- 
cussed with particular reference to the 
isotropic nature of the resultant graphite 
under the headings of Influence of 
Coke, Influence of Extrusion and of 
Impregnation. 


Recent Developments in Gas Purification 
of Graphite. C. A. Odening and 
J. C. Bowman. (National Carbon 
Co., Cleveland, Ohio, U.S.A.) 


In the introduction, the authors point 
out that satisfactory operational purifica- 
tion of graphite has been obtained for a 
number of years by raising the tempera- 
ture to approximately 3,000°C and holding 
the graphite at this temperature for 15- 
50 hours. Grade AGOT which is looked 
upon as a standard for reactor modera- 
tors in the U.S.A. is produced by such a 
process. As the need for even higher 
purities increased it became obvious that 
some adaptation of the gas purification 
used for processing spectroscopic graphite 
rods was necessary. This has been done 
by subjecting them to an atmosphere of 
halogen gases at temperatures in the 
range 2,400°C-3,000°C. 

In order to purify economically large 
quantities of graphite some adaptation of 
the large Acheson furnace was called for 
(Fig. 1; this has also been discussed in 
the summary of the paper by Cornault 
and Rochettes). It is considered that in 
the gas purification system all packing 
and installation must employ petroleum 
coke and that metallurgical coke should 
not be used. In the American system the 
halogen is introduced into the furnaces 
as gas and care is taken to ensure good 
spreading of the gas and a free passage 
out of the furnace to a scrubber system. 

To avoid cumbersome detailed analysis 
the purity is expressed in terms of differ- 
ential inverse hours, a unit derived from 
changes in the reactor period after inser- 
tion of a single block. There has been 
considerable discussion concerning the 
relative merits of chlorine and Freon-12. 
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Fig. 1. 
Packing of an Acheson 
graphitizing furnace for 
gas purification of 
graphite. 


A.D.E. Insulated areas 

consisting of low-perme- 

ability packing of par- 
ticles and flour. 


B.C. Areas with par- 
ticles only. 


Present data indicate that chlorine has 
more effect on all impurities except 
boron, and that the fluorine released by 
Freon-12 is specific to boron. 

Gas purification depends, of course, on 
the gas permeating the blocks and the 
volatile products being able to diffuse out 
from the blocks. The efficiency is there- 
fore a function of original impurity level, 
permeability of the base stock and block 
size. Examples are given of the effect 
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these parameters can have on the final 
product. It is concluded that cylindrical 
shapes 20 in. diameter and 50 in. long 
can be successfully purified without the 
necessity for special precautions and that 
larger volumes could be handled with 
higher temperatures and a longer purifi- 
cation time. 

Adsorbed gas can be a problem and it 
may be necessary to flush the furnace with 
nitrogen and even argon. 


Publication of Symposium Proceedings 


Extraction and Refining of the Rarer 
Metals. (Proceedings of a Symposium 
held by the Institution of Mining and 
Metallurgy and published by them at 44 
Portland Place, London, W.1. 60s. net.) 


It is only recently that techniques have 
been developed capable of producing 
many of the less accessible metals in a 
form suitable for fabrication. Indeed, 
the advent of the Nuclear Age has meant 
the utilization of materials which a few 
years ago were laboratory curiosities. 

The tremendous impetus imparted to 
the study of the extraction and refining of 
the rarer metals by the development of 
atomic energy in the United Kingdom is 
exemplified by the preponderance of 
papers reporting work done by the 
Atomic Energy Authority or under its 
we gis. 

The proceedings of the symposium 
collect under one cover a review of work 
going on in the United Kingdom and the 
Commonwealth on the extraction of 
uranium, thorium, niobium, vanadium, 
zirconium and beryllium—all metals of 
vital importance to reactor technology. 
The book is unique in outlining many 
new extraction processes utilizing chlori- 
naticn and oxide-chloride conversion 
procedures, and indicates the important 
potentialities of such methods, particu- 
larly in extracting metals from Groups 
IV, V and VIA of the periodic classifica- 


tion. These elements form chlorides 
which are volatile below 300° C, and 
can be separated by fractional distillation 
processes. The pure chlorides may be 
subsequently reduced either by hydrogen 
or by suitable metals as in the Kroll 
process. The extraction of niobium, 
vanadium and titanium exemplify this 
type of process. The paper by Gibson 
and Buddery describing their oxide 
chloride process for the extraction of 
uranium and thorium is noteworthy for a 
novel approach to ‘the problem, and 
should eventually warrant development on 
a commercial scale. 

The work at Milford Haven and Avon- 
mouth on beryllium production is taken 
as a welcome sign of the early avail- 
ability of this metal which has many 
potential uses in reactor technology owing 
to its low capture cross section for thermal 
neutrons. It seems likely that powder 
metallurgical techniques will figure largely 
in the fabrication of this metal. 

Finally a word of congratulation to the 
members of the Symposium Committee, 
the Secretary, and other members of the 
Institution of Mining and Metallurgy for 
their work in organizing this conference, 
and the patient editing of papers and 
discussion into such an eminently read- 
able form. This book forms a valuable 
addition to the literature of extraction 
metallurgy. 
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Taylor Wocdrow Construction Ltd. are 

already at work on six miles of access 

roads for the 500 MW Hinkley Point 
station. 


International 


Over 1,000 delegates from 79 nations 
attended the UNESCO conference on the 
use of radioactive isotopes in scientific 
research which began in Paris on Septem- 
ber 9. During the opening ceremony Sir 
John Cockcroft, director of A.E.R.E., Har- 
well, said that radio-isotope techniques in 
agriculture and industry will “ rival nuclear 
power itself for their benefits to humanity.” 

The papers presented dealt entirely with 
developments since 1955; of the thirty-three 
papers from British sources, nearly a third 
were from A.E.R.E. Harwell. In conjunc- 
tion with the conference there was an exhibi- 
tion of new equipment including some from 
Harwell and nine private British companies. 


Marine nuclear risks were discussed at the 
International Union of Marine Insurance 
conference which began in Copenhagen on 
September 4. Several speakers suggested that 
a positive declaration of policy would be pre- 
mature at this stage. Many delegations were 
in favour of a clause specifically excluding 
nuclear risks. Coverage would then be nego- 
vated by special arrangement. 


Proposed Hydro-electric development at 
Inga, in the Belgian Congo—with an 
eventual capacity of 320,000m. kW/hr an- 
nually—may have an important bearing on 
electricity supplies in Europe. When the 
scheme is completed it is anticipated by the 
Belgian authorities that electricity will be 
sold for 1.3 mills per unit (1 mill=1,/10 of 
a U.S. cent). The availability of such low 
cost power could materially affect the 
findings of the recent Euratom report that 
Europe could not produce enriched uranium 
at prices comparable with the U.S. The 
U.S.A.E.C. diffusion plant at Oakridge, buys 
part of its power from the Tennessee Valley 
Authority at 4 mills per unit. Inga could 
also be used for heavy water production. 


United Kingdom 


The United Kingdom’s nuclear power pro- 
gramme is now well under way with the four 
major consortia all working on _ separate 
stations. The contracts for three stations 
have now been placed by the Central Elec- 
tricity Authority. At both Bradwell (Nuclear 
Power Plant Co., Ltd.) and Berkeley (A.E.1.- 
John Thompson Nuclear Energy Co., Ltd.) 
good progress has been made and both 
stations are running ahead of the construction 
schedule. The contract for Hinkley Point 
was awarded by C.E.A. to the English Elec- 
tric-Babcock and Wilcox-Taylor Woodrow 
group on September 12. The photograph on 
this page shows some of the Taylor Wood- 
row equipment which is being used on the 
construction of an access road to the site. 
The contract for this work was placed separ- 
ately by Somerset County Council a few 
weeks ago. 


World News 


At Hunterston, where the G.E.C. Simon- 
Carves Atomic Energy Group is building a 
320 MW station for the South of Scotland 
Electricity Board, preliminary work includes 
the building of a 14-mile access road, the 
provision of essential services including 
water and electricity, and accommodation. 


U.K.A.E.A. offer to loan a mobile pack- 
aged exhibition display comprising eight 
L-shaped four-sided panels, each 6 ft. 4 in. 
high, 7 ft. 7 in. long and 6 ft. 1} in. deep 
when opened out. The panels outline the 
work being done by the Authority; they are 


particularly suitable for display at technical 
colleges. 


Sir Christopher Hinton, opening the 
Engineering, Marine, Welding and Nuclear 
Energy exhibition (Olympia, London. 
August 29-September 12), said that by 1965 
the bulk of power plant under construction 
in the U.K. would be nuclear. He went on 
to say that he found it quite inconceivable 
that the existing consortia would be able to 
fabricate and construct all the stations 


planned by using only the resources of their 
member companies. 


The tank for the A. E. 1. por ee reactor which has been built at John Thompson’s Wolverhampton 


works. Of 


alloy the tank is 31 ft. long: the largest diameter is 


11 ft. 63 in. and the smallest diameter 5 ft. 6 in. 
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Approval in principle has been given by 
the Minister of Power to the proposal to 
provide a _ high voltage interconnection 
between the supply system of the C.E.A. 
and of Electricité de France. 


Nine engineers from the U.S.S.R. are at 
present touring British electric power stations 
—particularly hydro-electric schemes, Leader 
of the delegation is Mr. F. G. Loginov. 
chief deputy of the Ministry of Electric 
Power Stations. 


Speaking at the sixth Anglo-American 
Aeronautical Conference at Folkestone on 
September 9, Dr. J. V. Dunworth, head of 
Reactor Division, A.E.R.E., Harwell, said 
that it would take at least 15 years to develop 
a prototype nuclear-powered aircraft. For 
a full-size reactor system costs might well 
exceed £10m. The application of nuclear 
power for marine propulsion appears to have 
a much more immediate future. 


Africa 


Sir Edward Twining, Governor of 
Tanganyika, opened a new office for U.K. 
A.E.A. at Dodoma on September 6. The 
Authority announced that it is ready to buy 
from existing or future mines in Kenya, 
Uganda, Tanganyika, Swaziland and British 
Guiana chemical concentrates containing up 
to 500 short tons of uranium oxide annually. 
Contracts will cover a ten-year period from 
the date the mine comes into production 
providing the end date does not extend 
beyond 1972. The Authority will ‘* offer 
prices which are reasonable in the light of 
world conditions at the time, having regard 
to the principles on which prices for uranium 
have been negofiated elsewhere.” 


Isotopes from the U.K. are now being 
used industrially in South Africa, the 
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This photograph was taken during the recent visit of the Prime Minister, the Rt. Hon. 

Harold Macmillan to A.E.R.E., Harwell. Watching an isotope demonstration given by 

Dr. Seligman are: (front row) the Prime Minister’s secretary, the Prime Minister, 

Sir John Cockcroft, Sir Edwin Plowden; (back row) Mr. E. Underwood, Mr. D. R. Willson, 
Dr. B. F. H. Schonland. 


Minister of Mines, Dr. A. J. van Rhijn, 
said in Pretoria recently. 


Canada 

Canada’s reserves of uranium now appear 
to be adequate to meet the requirements of 
all countries who have already placed 
orders. The Trade Minister, Mr. Churchill, 
said that U.K. requests for uranium would 
be met in full. He described as ** inaccur- 
ate and unfair’ reports that the U.S. 


Atomic Energy Commission had_ blocked 


Admiring a model of the new 500 MW Hinkley Point station are (left to right) 
Mr. James Cameron, commercial officer of the atomic power division, English Electric, 
Dr. H. S. Arms, chief engineer, atomic power division of English Electric, and 


Mr. D. V. S. Murray, 


cial officer, Bab 


k and Wilcox. 


possible supplies of Canadian uranium to 
Britain. 


Germany 


Degussa, of Frankfurt, is to establish a 
plant for the production of uranium by the 
vacuum-melting process. 


First shipment of uranium for the research 
reactor at Munich Technical University 
arrived from the United States on Septem- 
ber 9. 


Pians for a pressurized-water reactor cap- 
able of propelling a 22,000-ton vessel at a 
speed of 16 knots have been completed at 
the Technical College in Hanover. The 
work is under the direction of Professor 
Kurt Illies—was undertaken on behalf of the 
Federal Ministry for Atomic Affairs and the 
Society for the Use of Atomic Power in 
Shipbuilding. 


India 


Tata Institute of Fundamental Research 
announced on August 24 that it had 
decisively established the existence of the 
K negative meson. For some time a group 
of scientists led by Professor B. Peters has 
been studying high energy particles. 


Israel 


Nuclear Structure was the subject of an 
international conference which opened at the 
Weizmann Institute of Science in Rehovoth 
on September 8. Of the two hundred 
delegates, 18 were from the U.K. 

The new Nuclear Science Institute at 
Rehovoth will be officially opened during the 
tenth anniversary State celebrations next 
year, although several sections are already in 
operation. The principal item of equipment 
will be a 3 MeV van de Graaff linear 
accelerator supplied by an American 


company. 


i 
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The first German nuclear reactor to be completed is located at Garching near Munich. 
The egg-shaped dome is some 30 metres high. The first shipment of uranium was 
received from the United States on September 9. 


italy 


An agreement was concluded on Septem- 
ber 14 between the Societa Elettro-Nucleare 
Nazionale (SENN) and Kennedy and 
Donkin of London whereby the latter firm 
will provide technical services in connection 
with the construction of a 150-MW nuclear 
power station in S. Italy. 


Exhibits illustrating Britain’s lead in 
nuclear power generation were a feature 
of the Levant Fair at Bari which closed on 
September 25. The display was organized 
by the Board of Trade, in conjunction with 
U.K.A.E.A. 


Japan 


Professor Shigeo Nakagawa, of St. Paul’s 
University, Tokyo, announced on Septem- 
ber 1 that the university was planning to 
build a reactor for training and research. 
Assistance will be provided by the Episcopal 
Church of America. 


Japan’s first nuclear research reactor went 
into operation on August 27. This 50-kW 
reactor operates on enriched uranium. It 
is located at Tokai village, north-east of 
Tokyo, and it will be used for training tech- 
nicians in commercial power generation and 
for research on applications of isotopes. 


On September 3 the Cabinet decided to 
establish a joint company to import and 
operate nuclear power reactors. For some 
time behind the scenes there have been 
moves to ensure that a privately owned 
company will assume responsibility for 
nuclear stations. The Government’s com- 
promise is ingenious: 20% of the capital 
will be contributed by the State, 80% by 
private industry but final control will 
remain in the hands of the Government. It 
has already been announced officially that 
Japan will buy a reactor from both Britain 
and the U.S. 


Netherlands 


Over 750,000 people visited the Het 
Atoom exhibition at Schiphol Airport near 
Amsterdam. The exhibition closed on 


September 15. It is hoped to stage a similar 
display in several other European capitals. 


As a first step towards the implementation 
of its nuclear power programme, the 
Netherlands Government is _ considering 
tenders for a station with a capacity of 
between 150 and 200 MW. It is understood 
that proposals have been made by British, 
American and French companies. The 
Nuclear Power Plant Co., Ltd., for example, 
have submitted a tender through their Dutch 
agents, the De Schelde Company. 


Portugal 


A series of power stations to utilize 
Portugal’s reserves of low-grade coal and 
uranium sources is planned by the Govern- 
ment. An Order-in-Council published by 
the Ministry of Economy gives details of 
the coal-fired stations under construction. 


General Craveiro Lopes. the Portuguese 
President spoke last November of the need 
to study ways of using uranium for power 
generation. 


Sweden 


Ten-year agreement between Britain and 
Sweden to co-operate in developing atomic 
energy for peaceful purposes was signed in 
Stockholm by the Foreign Minister, Hr. 
Unden, and the British Ambassador, Sir 
Robert Hankey. The agreement facilitates 
Swedish purchases of research reactors and 
fissile material Swedish students will also 
be able to attend courses at Harwell. 


U.S.A. 


New legislation—the first Federal Atomic 
Insurance Act—may have a_ far-reaching 
effect on U.S. reactor programmes. Essenti- 
ally the Act provides insurance of up to 
$500m. (approx. £178.5m.) against dam- 
age from accidents in privately operated 
reactors. Private insurance companies 
had previously declined to underwrite 
this class of risk. The Act, however, 
also requires the A.E.C. to hold public 
hearings before granting a licence. The 
first hearings on October 8 will deal 
with Yankee Atomic Electric Company's 
proposal to build a power reactor in the 
New England area, together with the large 
testing reactor which the National Advisory 
Committee for Aeronautics wants to build 
near Sandusky, Ohio. In addition, the 
A.E.C. will have to refer both projects to a 
new body, the Advisory Committee on 
Reactor Safeguards. 


On August 21 the appropriations com- 
mittee of the House of Representatives cut 
$215,906,500 from the A.E.C.’s request for 
$2,485,625,000 operating expenses and con- 
structional costs for the coming year. On 
the following day the Senate appropriations 
committee added $23,914,000 to the Bill 
passed by the House of Representatives. 


The four vice-presidents of the UNESCO conference on radi the 

of the proceedings at the Sorbonne, Paris, on September 9. (Left. to right) = Reson 
Kenjiro Kimura, head of the Japanese Institute for Research in Nuclear Energy; 
Professor Louis Bugnard, head of the French National Institute of Hygiene ; Professor 
Willard Frank Libby, a ace of the advisory committee of the United States Atomic 


Energy C 


and P e Vassilievitch Topchiev, first secretary of 
the Peacdiiian of the Science Academy of the Soviet Union. 
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Orbits in Industry 


LTERATION of the date of the 

Engineering ‘and Marine Exhibition, 
from early September to April will, what- 
ever its advantages, be regretted by 
those who enjoyed the overlapping of 
this function with the Model Engineer 
Exhibition. All engineers are not, of 
course, model enthusiasts, any more than 
all model enthusiasts are engineers, but 
there is always a fascination in being able 
to see, on the same day, examples of very 
large pieces of equipment and their mini- 
ature counterparts; a large marine Diesel 
for example and a model aircraft power 
unit of less than 1 c.c. alongside a coal- 
burning steam locomotive that could 
comfortably be accommodated on the 
palm of the hand. So far, it would 
appear, no one has tried to make a 
working model of Calder—which is 
perhaps just as well. Natural uranium 
reactors do not scale down very easily 
and one feels that enriched uranium is 
better not left sculling about in the 
amateur’s workshop; there is too much 
chance of an unrehearsed demonstration 
of the difference between criticism and 
criticality. 


Lilies of the Field 


One of the impressions gained at the 
Engineering and Marine Exhibition, 
incidentally, was the change in outlook, 
on the topic of stand design, that has 
taken place over the last few years. 

In the early 1900s exhibition design was 
simple. You took so much floor space, 
roped it off, furnished it with a tramcar 
(assuming, of course, that tramcars were 
your line of business), two potted palms. 
two chairs and a kitchen table bearing a 
notice giving the name of your company. 

Later, exhibition stands started to 
become something more than floor space. 
Pillars and facia boards, carrying com- 
panies’ names, turned the average exhibi- 
tion into what looked like streets of 
old-fashioned shops. Later still, ingenious 
designers turned stands into full-size or 
oversized models of some outstanding 
product, and one walked on to the stand 
through a small house or a gigantic press 
or a ship’s bridge, or a furnace door, 
or something of the sort—and very 
impressive some of them were. 

In the most recent phase, many 
designers of stands fell under what one 
might term South Bank influence. The 
Festival of Britain did, admittedly, pro- 
duce some fine new ideas. On the other 
hand, there is little doubt that some of 
the boys, let loose after several years of 
“utility” living, went to town in a big 
way, and much of the display work at 
the Festival was carried out so enthu- 
Siastically that the frame killed the 
picture, as it were. We seem to be 
getting some of the backwash of this at 


present. Surely the object of a stand is 
to provide a background in harmony 
with the exhibits, not to be itself the 
focus of attention? If not, then pursuing 
it to its logical conclusion, the day will 
arrive when competing manufacturers will 
vie with each other in producing the last 
word in ultra-contemporary (if there is 
such a word) designs, and there won't 
even be room for a name-board—let 
alone any exhibits—because it will spoil 
the appearance. Shall we then go back 
to the aspidistra, the kitchen table, and 
the modern equivalent of the tramcar? 


Four Generations 


* There are occasions when attention 
can be focused on the past... .” The 
speaker, Mr. Donald Bailey, could afford 
to indulge in what is often felt to be an 
unprofitable pastime, for the occasion 
was the celebration of the 125th anniver- 
sary of the founding of Sir W. H. Bailey 
and Co., Ltd.—and 125 years is a long 
time even amongst the veterans of the 
engineering industry; there cannot be 
many companies who can claim to have 
supplied valves to Calder Hall, yet have 
been in business since the days of 
William IV. 

Anyone attending the celebrations in 
a spirit of antiquarian research, however. 
was doomed to disappointment. The 
original works, built over the founder's 
cottage, was bombed flat in 1940, and the 
present works and production methods 
are distinctly modern—in fact the only 
sign of their long career was an exhibi- 
tion of really old catalogues and some 
vintage pieces of equipment (such as a 
hot-air engine built in 1880 and a truly 
magnificent clock dated 1840) plus the 
“family ” atmosphere that is sometimes 
retained, even with modern production 
methods. 


“For Free” 


John Bailey who founded the com- 
pany as a One-man business, and must 
have had his hands pretty full, neverthe- 
less found time to work in the cause 
of popular education, and was closely 
associated with the Mechanics Institutes 
of Manchester and Salford. He was also 
one of the original shareholders of the 
Manchester Hall of Science. 

One feels that John’s spirit would nod 
approvingly at the facilities currently 
provided by some of the modern poly- 
technics; the most noteworthy of which 
is that deceptively named institution 
which sounds as if it should be in the 
Shires and is actually in the purlieus of 
E.C.1: Northampton College of Advanced 
Technology. For the 1957-8 season, they 
are providing a course of 20 lectures on 
“An Introduction to Nuclear Power” 


and another, 17 lectures on “The 
Engineering Design of Nuclear Power 
Plant,” the fees for the separate courses 
being £2 and £1 10s. respectively. Even 
the Mechanics Institutes of Victoria’s 
time were not entirely “ for free.” as our 
transatlantic friends would put it, but in 
these days of high prices, nobody could 
say that at an average price of slightly 
over Is. 104d. per lecture, the cost of 
education was coming high. “Ten cents 
a dance ” used to be a slogan in the U.S. 
* Ten fags a talk” could well be that of 
Northampton Poly. 


Measurement 


Tangent was recently able to see a 
preview of the film “ Nucleonic Measure- 
ment” that the Baldwin Instrument Co., 
Ltd., have completed. The scope of the 
film has already been reviewed (Nuclear 
Engineering, August, p. 343) and it should 
give industrial management a very good 
idea of the capabilities of this type of 
thickness measurement, particularly on 
high-speed operations such as foii rolling 
or delicate materials such as the wet end 
of a web of paper. It will hardly be 
necessary to point out the advantages of 
instantaneous indication of thickness 
variation to managements whose primary 
problem has always been the difficulty in 
finding out before it was too late. 


Science Fiction 


Direct decendant of the Tudor 
“ yngyn,” the Ingenious Device. which 
reached its heyday in Victorian times. 
seems to be with us once more. It has, 
of course, been ever-present in fiction-- 
how else could the hero have made his 
miraculous escape from the crocodile- 
infested cellar, so rapidly filling with 
water, poison gas and high explosive? 
And, in the old-time serial films. how else 
had the saw—already tickling the 
heroine’s golden curls at the end of one 
week—moved six inches away at the 
beginning of next week’s instalment? 
Nowadays, the less euphonious * gim- 
mick ” has ousted the Ingenious Device 
for most purposes, and the I.D. has had 
to move on to science fiction or, as its 
more optimistic authors prefer to call it, 
Technical Information. Results of inten- 
sive research, following its growth in 
popularity, disclose that the Ingenious 
Device is the commercial equivalent of 
the academic Means Were Found, or the 
parliamentarian Appropriate Measures: 
and it has three meanings 
(a) there isn’t the space to 
discuss it (b) we haven’t a 
clue how we're really going 
to do it (c) blow you, Jack, 
this is Commercial 
Security. 
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Personal 


Appointments 


Following the appointment’ of Sir 
Christopher Hinton, K.B.E., F.R.S., as chair- 
man of the Central Electricity Generating 
Board, Sir Leonard Owen, C.B.E., at present 
director of engineering and deputy to the 
managing director of the Industrial Group 
of the Atomic Energy Authority, has been 
appointed managing director of the Industrial 
Group from September 1. Sir Leonard has 
been engaged in the development of Britain’s 
atomic energy programme since 1946, when 
he was appointed director of engineering on 
the production side by the Minister of Supply. 
In the following year he became assistant 
controller in the Atomic Energy Division’s 
production side. When the United Kingdom 
Atomic Energy Authority was formed in 
1954, his title became director of engineering 
and deputy managing director. He is a 
Member of the Council of the Institution of 
Civil Engineers, a Member of the Institution 
of Mechanical Engineers and a Member of 
the Institution of Chemical Engineers. 


Mr. Hector McNeil, B.E.. M.I.Mech.E., 
M.I.E.E., succeeds Mr. J. R. Rylands as 
president of the Institute of Fuel. 


Mr. Dudley Saward, O.B.E., becomes 
managing director of Texas Instruments, 
Ltd., the new British subsidiary of Texas 
Instruments Inc. of Dallas, Texas. 


Dr. L. G. Groves as managing director of 
Davy British Oxygen Ltd. He relinquishes 
his appointment on the board of British 
Oxygen Wimpey Ltd. 


Mr. R. F. Flack as sales manager for 
Measuring Instruments (Pullin) Ltd., where 
he will be responsible for the company’s 
home and export sales divisions. 


Mr. V. B. Hessen, A.M.I.E.E., as manager 
of Atomics Division, Pye Ltd. 
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Sir Leonard Owen. 


Mr. L. G. Carpenter has been appointed 
to the Board of H. M. Hobson. He will 
continue as managing director of Integral 
Ltd., a wholly-owned subsidiary. 


Mr. J. W. Atwell, M.Sc. M.I.Mech.E., as 
assistant managing director of the executive 
board of G. and J. Weir, Ltd., at Cathcart. 


Mr, A. F. Peart as manager of the London 
oflices of V. L. Farthing and Co. Ltd. 


Mr. A. I. Mackenzie and Vice-Admiral Sir 
Frank Mason to the board of Metal Indus- 
tries Ltd. Mr. G. P. Belsham as technical 
adviser to the Metal Industries Group. Mr. 
Belsham is resigning as managing director of 
Brookhirst Switchgear, Ltd. 


Sir Archibald Gill, general manager of 
British Telecommunications Research, now 
becomes chairman. He is succeeded as 
general manager by Mr. H. E. Cornish. 


Mr. W. McLelland as area sales manager 
(Scotland and North East England) of 
A.P.V.-Paramount Ltd.. Crawley, Sussex. 


Mr. J. Christie has been co-opted a director 
of A. Reyrolle and Co. Ltd. 


Sir James Reid Young as chairman of 
International Combustion Holdings in place 
of Mr. G. R. T. Taylor, who has retired as 
chairman but remains on the board. 


Mr. P. W. Faulkner, who, as we recorded 
last month, is general manager of the chemi- 
cal and metallurgical division of the Plessey 
Co. Ltd., at Towcester, has been appointed 
an executive director of the Plessey Co. He 
is. in addition, a director of Technical 
Ceramics Ltd.. and of Semimetals Ltd. 


Mr. L. G. Carpenter. 


Mr. R. F. Flack. 


Mr. J. W. Kendall. 


Mr. H. McNeil. 
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Mr. D. Saward. 


Mr. Roy Baker Snapp, a Washington 
lawyer and from 1946 to 1954 on the stalf 
of the U.S. Atomic Energy Commission, as 
vice-president of AMF Atomics Division. 


Professor Donald W. Kerst, inventor of 
the Betatron nuclear accelerator, has joined 
the John Jay Hopkins laboratory for pure 
and applied science as project leader of 
General Dynamics Corporation's controlled 
thermonuclear energy research programme. 


Tours 


Dr. Albertus Van Rhijn, South African 
Minister of Economic Affairs, arrived in 
London early in September for a study of 
the peaceful application of atomic energy in 
Britain. He later left for New York for a 
tour of uranium mines in the United States 
and Canada. He will return to London later 
to visit Calder Hall and other atomic 
installations. 


Mr. E. N. Lowe, senior export executive 
of the BIR Group of Companies, is at 
present on a coast-to-coast business tour of 
Canada. 


Obituary 

Nuclear Engineering records, with deep 
regret, the death of the following: 

Mr. James William Kendall, who died 
suddenly at his home at Penn, Wolverhamp- 
ton, on August 24, aged 49, was one of the 
original team of 12 which was formed in 
February, 1946. to build up the production 
side of Britain's mew atomic energy 
programme. 

Mr. Kendall, who had previously been 
working in Government Ordnance factories 
with Sir Christopher Hinton and Sir Leonard 
Owen, was placed in charge of a pile design 
team which gained its first experience in 
building the large experimental pile known as 
BEPO at Harwell. They then designed and 
built the two reactors at Windscale Works 
in Cumberland which have been operating as 
plutonium producers since the end of 1950. 
Mr. Kendall’s next task was to design the 
fast reactor which is now nearing completion 
at Dounreay in the north of Scotland, and 
he was engaged on this task until April 30, 
1956, when he left the United Kingdom 
Atomic Energy Authority to join John 
Thompson Ltd., at Wolverhampton. 


Dr. R. W. Bailey, who, on March 31, 
retired from active duties as consultant to the 
Metropolitan-Vickers Electrical Company's 
research department, died on September 4. 


Acknowledgment is made to the Electrical 
Times for the photograph of Professor 
Edwards which appeared in the September 
issue of Nuclear Engineering. 
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(vaily Herald) 


Sir Charles Geddes. 


Mr. C. T. Melling. 


Electricity Council 
and Generating Board 


Appointments 


Sir William Holford. 


Further to the appointments announced in 
our previous isssue, Mr. C. T. Melling, 
C.B.E., M.Sc.(Tech), M.I.E.E., M.I.Mech.E., 
M.Inst.F., F.1.1.A., now becomes a full-time 
member of the Electricity Council with effect 
from October 1. Mr. Melling relinquishes 
his present appointment as chairman of the 
Eastern Electricity Board. The Minister of 


Industrial Notes 


The Fairey Aviation Co. Ltd. and Elliott 
Bros. (London) Ltd., are to contribute to 
the nuclear development work which is 
being carried out by the Atomic Power 
Construction group. This group—which 
comprises Richardsons Westgarth, Inter- 
national Combustion, Crompton Parkinson, 
Holland and Hannen and Cubitts, and 
Trollope and Colls—is the fifth British 
nuclear power station construction group. 
Both Fairey and Elliott have already made a 
number of significant contributions to the 
nuclear energy development programme in 
the U.K. 


Lee Guiness Ltd. of Newtownards, N. 
Ireland and A.S.E.A., of Sweden, have con- 
cluded an agreement for the manufacture 
under licence of A.S.E.A. designed contac- 
tors which will be incorporated in automatic 
control gear made by Lee Guiness. 


High Voltage Engineering Corporation of 
Burlington, Massachusetts has received an 
order for a 2 million volt Van de Graaff 
accelerator to be delivered to the Sandia 
Corporation’s laboratories in Albuquerque. 


Alco Products, Inc., of Schenectady 5, 
New York, has received an order for three 
intermediate sodium heat exchangers for the 
Enrico Fermi nuclear electric power station 
near Detroit. The station is being built by 
the Power Reactor Development Company 
and the order is valued at more than 
$1,750,000. 


The Department of Scientific and Indus- 
trial Research announce that a new test rig 
for measuring the head loss characteristics 
of oil hydraulic circuits has been put into 
Operation at the Mechanical Engineering 
research laboratory, East Kilbride, Glasgow. 


Elliott Bros. (London) Ltd. have acquired 
the issued capital of Associated Insulation 
Products Ltd. 


Vitro Uranium Company, a division of 
Vitro Corporation of America, has signed a 
long-term agreement with Jen Inc., of Moab. 
Utah, for the purchase of large quantities 
of low-lime uranium ore. 


General Electric’s developmental boiling 
water power reactor at Vallecitos atomic 
laboratory achieved criticality recently 
during low-power experiments to determine 
nuclear characteristics of the core. 


The North Carolina State College nuclear 
reactor is now back in operation following 
the installation of a new core—a_ boiling 
water type using uranyl sulphate in solution 
—by Atomics International. 


Auckland University Engineers’ Associa- 
tion has been formed to promote closer 
relationship between members of the staff, 
graduates and students, past and present. 
Further details can be obtained from Mr. 
J. H. Percy at Auckland University College. 
Auckland, N. Zealand. 


Mr. G. A. S. Nairn. 


Sir Leslie Nicholls. 


Power, Lord Mills, has also appointed the 
following to be part-time members of the 
Central Electricity Generating Board:—Sir 
Charles Geddes, C.B.E., Sir William Holford, 
F.R.I.B.A., M.T.P.1., Mr. G. A. S. Nairn, 
M.B.E., F.R.S.A., and Sir Leslie Nicholls, 
KCM.G., C.B.. MELEE. 


Thermotank Ltd. has moved the London 
office to larger premises at Marine Engineers 
Memorial Building, 18 London Street, 
London, E.C.3. The new telephone number 
is Royal 7343-4. The telephone number of 
the West Drayton works is now West Dray- 
ton 3685-9. Thermotank have also formed 
an International Products Division to handle 
sales of their air-conditioning, heating and 
ventilating equipment. 


Lead Development Association has moved 


its offices to 18 Adam Street, London, 
W.C.2. 
Optica United Kingdom Ltd. recently 


opened a new factory at Team Valley Trad- 
ing Estate, Gateshead on Tyne 11, for the 
production of recording U.V. spectrophoto- 
meters, direct-reading spectrographs and 
other industrial instruments, including auto- 
matic controls. The company is a joint 
venture between Optica Milan and Joyce, 
Loebl and Co., Ltd., of Newcastle upon 
Tyne. 


Texas Instruments Ltd., the British sub- 
sidiary of Texas Instruments Inc. are, on 
October 1, opening their new factory at 
Dallas Road, Bedford. The company will 
make silicon semi-conductors. 


Chariton, Weddle and Co. Ltd. is the 
name of a new company formed to manu- 
facture pipework. The registered offices are 
at Manors Works, Newcastle upon Tyne, 1. 
The company plans to build a 20,000 sq ft 
factory at White Street, Walker. 


Semiconductors Ltd. are to build a new 
factory on the Cheney Manor Estate at 
Swindon solely for the production of 
transistors. 


Honeywell Brown Ltd. of 1 Wadsworth 
Road, Perivale, Middlesex, are building a 
new factory in Greenford. 


Costain—John Brown Ltd. have opened an 
office for advising on instrument installation 
at Jaffrey’s Chambers, 
Manchester, 2. 
5575. 


63 Brown Street, 
Telephone No. Blackfriars 
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Processes and Equipment 


Pneumatic Control Unit 


A unit which is extremely suitable for the 
many applications where air pressure requires 
to be regulated and controlled is the 3-in. 
B.S.P. manifold valve SF1169, manufactured 
by Lang Pneumatic Ltd. 

This manifold, housed in a gunmetal body 
incorporates a pressure-reducing valve oper- 
ated by a large synthetic rubber diaphragm 
giving extreme sensitivity, stop valves on both 
high-pressure inlet and low-pressure outlets 
and a needle valve to give fine regulation of 


Manifold valve SF1169 by Lang Pneumatic. 


flow. A non-return valve offsets any danger- 
ous consequences for the operator in the 
event of an air failure. The 3-in. diameter 
pressure gauge is graduated zero to 160 p.s.i. 

The unit is designed for ease of mounting 
and maintenance; it is ideal for multi-station 
control from one location. 

(Lang Pneumatic Ltd., Birmingham Road, 
W olverhampton.) 


Large bank of capacitors in course of 
assembly at the General Electric research 
laboratory. The capacitors will produce 
large amounts of energy in short bursts 
for the company’s fusion research pro- 
gramme. Dr. Henry Hurwitz (right) is 
in charge; Dr. W. F. Westendorp (left) 
has designed much of the equipment. 


Dido Ventilation Valves 


Ventilation valves for both Dido and Pluto 
were made by Robert Cort and Son Ltd. 
The valve illustrated is arranged for dead- 
weight closing in the event of an emergency; 
an air cylinder returns the gate to the open 
position. The valve is primarily operated by 


Dido ventilation valve developed by 
Robert Cort and Son. 


a solenoid tripping the weights but it can 
also be released by direct hand operation 
through a chain. 

Considerable development was necessary to 
perfect a reliable gas-tight seal on the gate 
faces and the design finally incorporated a 
toroidal synthetic rubber seal. P.T.F.E. wiper 
rings on the spindle protect the gland pack- 
ing. All the Cort valves on the ventilation 
system were supplied to the order of the 
Andrew Machine Construction Co. Ltd. of 
Stockport. 


(Robert Cort 
Berks.) 


and Son Ltd., Reading, 


Transistorized Instruments 


Fully transistorized reactor control instru- 
ments are now available from Fairchild 
Camera and Instrument Corporation. The 
range includes units for start-up, intermediate 
or full power. The equipment can be to 
either commercial specification (research and 
power reactors) or military specification for 
use aboard naval vessels and/or Army 
packaged power plants. The existing circuits 
use silicon transistors which are intended for 
operation up to 65°C and 100% humidity 
conditions. 

(Fairchild Camera and Instrument Corpora- 


tion, Robbins Lane, Syosset, Long Island, 
New York.) 


A 54-in. diameter full-way valve for the 
main CO: circuit at Calder Hall. This 
body was designed and fabricated by 
Davey Paxman and Co., Ltd. It will be 
finally machined and fitted with an 
operating mechanism by J. Blakeborough 
and Sons, Ltd. The valve is constructed 
in B.S.S. 14 steel to Lloyd’s class 1 
requirements for a working pressure of 
125 p.s.i. at 700°F. 


Key-operated Switches 


Tok Electrical and Industrial Mechanisms 
Ltd. have introduced several new versions of 
their packet switches for use on control 
panels and consoles. These include a Yale 
key operated unit and two lockable handles 
known as the Knoblock and Pistolock, all of 
which are specially designed to prevent opera- 
tion by unauthorized personnel. The key- 
operated switches are available in ratings of 
13 amp and 25 amp at 250 volt (7 amp, 
15 amp at 440 volt), whilst the Knoblock 
and Pistolock cover ratings of 13, 25, 30 and 
60 amp at 250 volt. The Tok packet 
method of switch construction makes possible 
extremely complex switching sequences. 


Tok Knoblight switch. 
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A further addition to the range, and pro- 
duced particularly for use on mimic diagrams, 
is the Knoblight which is available in all the 
ratings mentioned above. This _ switch 
includes a low-power filament bulb which 
shines through a lens in the front of the 
operating knob. 

(Tok Electrical and Industrial Mechanisms 
Ltd., 17 Bury Street, London, E.C.3.) 


The Hobson-C.R.L. master-slave manipu- 

lator, model 7, attracted great interest on 

the company’s stand at the recent Engin- 

eering, Marine, Welding and Nuclear 

Energy Exhibition. The handling capacity 
is up to 10 Ib per arm. 


Valves from Stock 


To speed delivery of very high quality 
stainless steel valves, Langley Alloys Ltd., 
have recently laid down stocks of their globe, 
gate and * Y ’’-type valves and strainers in 
sizes from 4 in. to 3 in. in their Langalloy 
1V and 3V stainless steels. This supply 
service for valves in high grade stainless steels 
is not common in this country and Langley 
Alloys state that it is already proving to be 
of benefit to customers, not only for initial 
requirements but especially where urgent 
replacements are called for. 

(Langley Alloys Ltd., Langley, 
Bucks.) 


Slough, 


An example of a 2 in. Langley “Y”’ valve, 
chief characteristic of which is its virtually 
uninterrupted flow. 
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Pumping Corrosive Liquids 


Pulsometer CHU chemical pumps are 
designed to handle liquids corrosive to 
ordinary ferrous and non-ferrous metals. The 
single-inlet impeller is of the shrouded-type 
surrounded by a volute casing. All pump 
parts likely to contact deleterious chemicals 


Pulsometer CHU centrifugal pump for 
handling corrosive liquids. 


(Right) This induction-heated 
vacuum furnace, with remotely 
controlled handling ladles and 
filtering mechanism, is used in 
the metallurgy division of 
the Atomic Energy Research 
Establishment at Harwell for 
studies of the properties of 
metals and alloys. The com- 
plete furnace stainless 
steel) as well as the filtering 
mechanism and heating 
element, was constructed by 
H. and €E. Lintott, Ltd., 
Horsham, one of the com- 
panies in the Ayling Industries 
roup. 
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are of corrosion resisting metal—the parti- 
cular metal used being determined by the 
nature of the fluid pumped. 

Suitable grades of stainless steel, acid- 
resisting bronze austenitic cast irons, alu- 
minium, and a large number of proprietary 
metals may be used for all pump parts con- 
tacting the liquid. As these metals are 
expensive, their weight is reduced to a mini- 
mum. Nevertheless, the pumps are strong 
and rigid: the construction including a cast- 
iron hood and a large diameter shaft 
supported in external ball and roller bear- 
ings, specially protected from any contact 
with injurious chemicals. This is important 
because of the tendency of most chemical 
resistant metals to be prone to seizure, and 
many deleterious chemicals have little or no 
lubricating properties. 

The CHUV—a modification of the CHU 
—will handle chemicals containing solids in 
suspension or stringy matter. The impeller 
is open and the side plates are renewable. 

{The Pulsometer Engineering Co. Ltd., 
Nine Elms Iron Works, Reading, Berks.) 


Centri-Spun Weld Neck Flanges 


Serious delays in the completion of engin- 
eering plant during recent years have 
frequently arisen from shortage of suitable 
flanges for coupling pipes. 

At the centri-spinning foundry of Firth- 
Vickers Stainless Steels Ltd., research teams 
with extensive experience of the production 
of high-duty engine components for the gas- 
turbine industry, have recently carried out a 
series of tests proving conclusively that 
flanges produced by the centri-spinning pro- 
cess are entirely suitable for applications 
hitherto necessitating forging. 

For the purposes of the investigation, tests 
were carried out on flanges made by two 
methods, the first involving a 12-in. weld 
neck flange and an 8-in. flange, centri-sand 


Cc Si Ma § Cr Ni 
Analysis: 1.48 94 014 180 80 
12 in. weld neck centri-sand flange:— T ae 
Tensile 1 longitudinal 16. 
 2circumferential .. 16.5 
» flange circumferential .. 16.5 
» 4 radial 21.0 
Impact 3 impact circumferential .. oe 
10 in. weld neck centri-die flange:— vunne 
Tensile L longitudinal wa 20. 
»  Xcircumferential .. 18.3 
»  Rradial 21.0 


Impac: L impact, circumferential 


spun, and the second a 10-in. weld neck 
flange, centri-die spun. All three flanges were 
heat treated and the 12-in. and 8-in. flanges 
machined all over. The 10-in, flange was 
machined as far as the neck only, leaving 
this portion in spun condition. All three 
flanges were radiographically examined and 
proved to be sound. 

The 12-in. and 10-in. flanges were then 
sectioned to give four half rings. One half- 
section of each flange was then polished and 
etched, the macro-structure indicating sound 
directional solidification with no evidence of 
porosity. 

The detailed results of the tests are as 
follows :— 


Ti 
74 
Max. stress 0 
Ton/sg. in. El. % R of A" 
36.8 30 33 
38.4 38 40 
39.5 40 45 
46.6 45 47 
45/54/53 fc Ib 
60/60/58 fc Ib 
54/54/40 fe Ib 
Max. stress o o 
Ton/sa. in. El. % Rof A% 
48.0 40 43 
42.2 41 36.5 
30 


48.0 37 
37/39/40 ft Ib 


(Firth-Vickers Stainless Steels, Ltd., Sheffield.) 


| 
- 
4 ! 
| 
| 
| 
ha 
: 
\ < 


October, 1957 


This photograph of part of Talbot Stead’s 
stand at Olympia shows some of the 
nuclear components made by the 


pany. Thec Pp ts on the back- 

board are (left to right) charge tube plug, 

thermocouple guide tube, fuel element 

cans. On the table there is an experi- 

mental pressure vessel and a graphite 
core restraint bar. 


Nuclear Components 


Nuclear engineering components made by 
Talbot Stead and displayed during the 
E.M.W. and Nuclear Energy Exhibition 
included a fuel element support and a 
charge-tube plug for Bradwell nuclear power 
station, graphite-core restraint bar, cans for 
irradiation experiments, a thermocouple guide 
tube in 18/8/Ti stainless steel for the 
Dounreay fast reactor and fuel element cans 
machined from solid Magnox. In addition, 
the company featured an_ experimental 
pressure vessel for the G.E.C. Atomic Energy 
group. This comprised a 7}-in. o.d. tube 
from 18/8/Ti stainless steel, with a carbon- 
steel flange. 

Recently, Talbot Stead contracted to make 
the first British commercial neutron source 
tubes. 

These tubes—intended for Bradwell—con- 
sist of an antimony rod surrounded by a 
beryllium tube and enclosed in an outer 
sheath of stainless steel. The tubes are 
activated by insertion in a working reactor, 
as a result of which the emission of gamma 
rays from the antimony is initiated. These 
rays in turn cause neutrons to be released 
from the beryllium metal. The neutron 
source thus initiates the chain reaction in a 
reactor under controlled conditions. 

(Talbot Stead Tube Co., Ltd., Walsall, 
Staffs.) 


(Right) Accles and Pollock displayed a 

selection of fuel element cans and 

les of extended surface tubing at 

the E.M.W. and Nuclear Energy 
Exhibition. 
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(Above, left) 42-in. bore bellows joint and (above, right) 
20.in. bore assembly by Aiton and Co. 


(Right) Munro and Miller featured this 42-in. 


bore bellows. 


Large Bellows Units 

Three companies featured bellows suitable 
for nuclear plant applications at the E.M.W. 
and Nuclear Energy Exhibition. 

For example, Aiton and Co. displayed a 
42-in. bore A-type bellows joint in 4-in. thick 
chrome molybdenum steel. The corruga- 
tions were 24-in. deep and the maximum 
movement per corrugation was ~; in. A 
smaller bellows on the same stand was of 
20-in. bore. It was fabricated from 24-gauge 
18/8/Ti stainless steel. The movement was 
4 in. per corrugation. 

Munro and Miller exhibited a complete 
bellows unit for gas ducting. This hinged- 
type of Bellex joint was developed for duct- 
ing of 42-in. bore. 

Finally, there was a representative selection 
of bellows on the stand of Teddington 
Aircraft Controls. Teddington butt-welded 
stainless-steel bellows are made from highly 
finished cold-rolled sheet. They are pro- 


duced in technical collaboration with the 
Solar Aircraft Co., of San Diego, U.S.A. 

(Aiton and Co., Ltd., Derby.) 

(Munro and Miller, Ltd., Africa House, 
Kingsway, London, W.C.2.) 

(Teddington Aircraft Controls, Ltd., Cefn 
Coed, Nr. Merthyr Tydfil, S. Wales.) 


(Lefe) A 90-ft. periscope 
developed by General 
Electric engineers for the 
observation of a reactor in 
operation. The eye of the 
periscope is seen through 
the remotely - controlled 
scanning mirror in the 
foreground. 


(Right) For recovering un- 
fissioned uranium from 
dissolved irradiated fuel 
elements, General Electric 
has developed this con- 
tinuous calciner. It is 
installed at Hanford. 
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Display of butt-welded stainless steel 
bellows by Teddington Aircraft Controls. 


Pure Elemental Boron 


Borax Consolidated Ltd. are now market- 
ing crystalline elemental boron in the pure 
state (99.0% to 99.7%). In December, 1955, 
the company announced pilot-scale produc- 
tion of two grades of amorphous elemental 
boron, one in 90-92% and the other in 
95-97% purity, and since then they have 
been working towards the production of the 
pure element. 

The new product is far more inert than the 
finely divided amorphous material and has 
a low oxygen and nitrogen content making it 
particularly suitable for incorporation into 
alloys. 


(Borax Consolidated Lid., Borax House, 
Carlisle Place, London, S.W.1.) 
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Patents Reviewed 


These abstracts have been made from British Patent Specifications, complete copies of which can be 


obtained from the Patent Office, 25 Southampton Street, London, W.C.2, at 3s. 6d. each (including postage). 


B.P. 774,371. Extraction of uranium from 
ore. E. Napier, D. Pearson. To: U.K. 
Atomic Energy Authority. 

A uranium concentrate is prepared by 
leaching the ore with an aqueous alkali metal 
carbonate (sodium carbonate) solution 
(pH 11.8) containing a dissolved persulphate 
salt. The resulting solution is separated from 
undissolved matter, and the concentrate then 
recovered from the solution by adding a 
water-soluble alkali hydroxide, to precipitate 
the uranium as diuranate. Alternatively, an 
anion-exchange resin may be employed with 
elution of the adsorbate using an aqueous 
salt solution. 


B.P. 775,119. Recovery of mineral values. 
R. E. Stedman, K. Arkless. To: I.C.I. 
Ltd. 

Uranium values are recovered from phos- 
phatic minerals (e.g., rock phosphates) in 
which the uranium is present in_ the 
hexavalent state by subjecting them to an 
extraction treatment in an aqueous medium 
with a carbonate or bicarbonate of an alkali 
metal or of ammonium. The phosphate ion 
is precipitated by treatment with a cation, the 
liquor is separated from the insoluble phos- 
phate thus produced and subjected to a 
further treatment by known means for the 
recovery of the uranium values. 


B.P. 775,156. Heat exchange apparatus parti- 
cularly for vapour generation. To: 
Babcock and Wilcox Co. (U.S.A.). 

Especially designed for service with high 
temperature and pressure corrosive heating 
fluid and rapid changes in temperature during 
operation, and which must be maintained 
uncontaminated by fluid leakage or products 
of corrosion. The material must be capable 
of withstanding the thermal stresses due to 
differential expansion of, e.g. a tube bank and 
enclosing shell. The shell and the tubes 
within the shell are given a U-shaped con- 
figuration to present a uniform cross-section 
throughout the length of the heat exchanger, 
which coupled with a series of uniformly 
spaced down-comer and riser connections 
provides a single hot fluid pass and cool 
fluid single pass heat exchanger of maximum 
effectiveness, mechanical integrity and mini- 
mum space requirements. The shell and the 
tube sheets are preferably constructed of 
high-tensile strength carbon steel. Austenitic- 
stainless steel cladding is used to cover the 
interior surfaces of the hemispherical heads 
and the faces of the tube sheets. The 

U-shaped tubes are also of austenitic-stainless 

steel. The heating fluid may be pressurized 

water of 550 to 650°F (of 1,500 to 4,500 

p.s.i.). 


B.P. 775,529. Ton exchange processes. 
M. G. M. Atmore, R. R. Porter, Trans- 
vaal and Orange Free State Chamber of 
Mines, Calcined Products (Pty.) Ltd. 
(South Africa). 

A process for the recovery of uranium in 
which relatively expensive ions are conserved 
for eluting purposes. The process is a three- 
stage process. In the first stage the ion 
exchange material does not carry the eluting 
ion. The second stage consists in the normal 


eluting step, which is followed by a third 
stage, i.e., a further eluting step in which 
the original eluting ion is displaced by the 
exchange ion. The exchange ion is con- 
veniently the sulphate ion, the eluting ion the 
nitrate ion. The effluent recovered from the 
eluting ion recovery step may be concentrated 
and re-used for eluting purposes but it is 
preferred, after adsorption of the selected ion 
and before elution proper, to contact the ion 
exchange material with the recovered effluent 
so as to readsorb the eluting ion without 
displacement of the selected ion. When 
saturating the ion exchange material with the 
eluting ion, care is taken that the effluent 
from the saturation step does not contain an 
appreciably higher concentration of the 
selected ion than the original pregnant solu- 
tion, In the recovery of uranium from a 
uranium-bearing solution the selected ion is 
the uranyl sulphate complex ion. 


B.P. 775,585. Electro-deposition of titanium, 
zirconium, hafnium, tantalum, vanadium, 
niobium, chromium, molybdenum and 
tungsten. To: Horizons Titanium Corp. 
(U.S.A.). 


Relates to the cladding of metal bodies 
with corrosion-resistant metals by electrolysis 
in a fused salt bath, as often structural con- 
ditions can be completely satisfied if only the 
surface is corrosion-resistant. It has been 
found that a metal body or support may be 
clad with, e.g., titanium or zirconium at 
considerably lower temperatures by supplying 
the corrosion-resistant metal component of 
the fused salt bath in the form of its alkali 
metal double fluoride and by incorporating 
0.25% to 10% of water (by weight). 


B.P. 775,993. High strength corrosion- 
resistant bodies and production thereof. 
To: American Electro Metal Corp. 
(U.S.A.). 


It has been found that zirconium boride 
powder particles which are free from 
impurities can be used to form a shaped 
cemented body of high strength and corrosion 
resistance at high temperatures of 1,400 to 
2,700°C. The body consists of at least 93% 
zirconium diboride (ZrB.,). The particles are 
bonded by a boron substance containing 
carbon in solid solution based on _ the 
discovery that if carbon stabilized boron is 
combined in proportion of 2 to 7% with 
zirconium diboride a cemented hard body can 
be formed by compacting and heating at 
temperatures considerably below the melting 
temperature of the zirconium diboride. The 
material has been found of value as pump 
components for pumping molten aluminium 
or liquid gallium (as heat transfer media). 


B.P. 775,602. Gas-cooled atomic reactor 
equipment. To: Allmanna Svenska 
Electriska AB (Sweden). 


Gases, preferably CO, compressed to about 
60 at, are especially suitable as heat trans- 
mission media. There are, however, some 
constructional problems connected with the 
use of highly compressed gases. The reactor 
consists of an aluminium tank filled with 
heavy water and surrounded by a graphite 
mantle as neutron reflector. Fuel rods of 
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uranium or thorium are inserted in the tank 
and are, e.g., hollow or H-shaped so that 
highly compressed gas can flow along these 
rods for cooling and heat transmission. 
Distance members of zirconium or beryllium 
are inserted between the rods. They are 
surrounded by tubes of a material similar to 
that of the distance members. The tubes are 
fixed in a gas distributing and a gas collect- 
ing vessel with numerous inlet and outlet 
pipes. In order to reduce the pumping power 
required for the gas at such high pressure, 
the collecting vessel is divided into a number 
of ring-shaped chambers. The pipes are 
connected to individual pump systems and 
the arrangement permits equalizing of the 
temperature by throttling the cross-section of 
the flow of gas. 


B.P. 776,124. Reduction of metal chlorides. 
To: St. Joseph Lead Co. (U.S.A.). 
Reduction of chlorides of titanium and 
zirconium using a stream of molten mag- 
nesium chloride in continuous circulation 
forming an upward and a downward current 
between an upper and a lower body of the 
chloride. Molten magnesium and titanium 
tetrachloride or zirconium tetrachloride are 
introduced in certain proportions into the 
lower portion of the upwardly inclined 
current. From the lower body a suspension 
of titanium or zirconium in magnesium 

chloride is withdrawn. 


B.P. 776,148. Cleansing preparations for use 
against radioactive contamination. E. W. 
Jackson. To: National Research 
Development Corp. 

An alkali-free or superfatted soap or a 
synthetic detergent, a chelating agent forming 
water-soluble complexes with radioactive 
ions, and a water-insoluble electrically active 
powder of high electric interfacial potential 
opposite in sign to that of the ionic charge 
of the elements of contamination, A prepara- 
tion for cleansing from fission product con- 
tamination may be composed of soap chips 
(100 parts), dodecyl benzene sodium sul- 
phonate (10 parts), wood flour (7 parts), 
ammonium citrate (10 parts), citric acid 
(sufficient to neutralize any gross alkylinity). 
The mixture is thoroughly milled, converted 
to plodded bars and tableted. In hospitals, 
universities, industrial concerns employing 
radioisotopes, ferric oxide or silica should 
be used as the insoluble powder. 


B.P. 776,576. Apparatus for detecting radio- 
activity. To: Etat Francaise (France). 

Refers to apparatus which includes an 
ionization chamber (or other detector) with 
at least two electrodes maintained at a poten- 
tial difference which varies under the effect 
of radioactivity. The variations in the 
intensity of the radioactive radiation produce 
corresponding variations in the current at the 
output of the detector and this current is 
independent of the voltage of the source of 
the current, provided it is above a minimum 
or critical value. These currents are very 
small. For a cylindrical ionization chamber 
of a volume of icc the saturation current 
corresponding to an intensity of gamma rays 
equal to 1 roentgen per hour averages 10-"° 
amp. Based on this fact, a high insulation 
capacitor is used as source of potential which 
is periodically charged, e.g. by a magneto or 
dynamo actuated by an operator, by an 
electro-magnetic impulse system, or the like. 
If the voltage is then measured by an appara- 
tus consuming practically no current, e.g. a 
quadrant electrometer, the capacitor can be 
kept charged for a long time (one hour or 
more) and can be made of light weight and 
small dimensions. 
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